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ABRIDGMENT 
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Philofbphical Difcoveries 

AND 

OBSERVATIONS 

I N T H E 

History of the Royal Academy of 
Sciences at Parisy for the Year 1703. 

I. On the ways 'Which fever al bodies turn j 
tranflated by Mr. Chambers. 

•^ ■ '^I S not only underftanding that we want 
I for the difcovery of natural caufes, but 

M^ we feem alfo to want eyes for the per- 
ceiving of efFefts, and a thoufand things are con- 
tinually prefenting themfelves, which we never 
fee. 

How few people have obferved, that the fhells 
of fnails, which are fpirals wound about a kind 
of cone, are all wound the fame way in the fame 
fpecies ; and what is more, the fame way in aU 
moft all fpecies is from left to right, confidering 
them with the point upwards. M. Parent^ after 
feveral enquiries among all the land, river, fea, 
and even ftone fnails, has only found three kinds, 
whofe Ihells arc turned from right to left. 

B 2 The 
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The fame obfervation he has extended to pi* 
There are a inultitude of plants^ which have 
cither their ftems, flowers, or podstwifl:ed a cer- 
tain way: others, whofe flowers^ or feeds, arc 
fattened fpirally around the ftem ^ and confe- 
quently are fattened thereto in a determinate way. 
Now this way is always the fame in the fame fpe- 
cies i and what is more, M* Parent^ having made 
the moft complete enumeration of the feveral 
kinds of plants, with refpcft to fuch proper ties^ 
has always found, that one certain way prevailed ^ 
that is, for ioftance, that for 33 fpecies of plants^ 
whofe ftems were twifted to the right, there were 
only 4 which had un twifted the other ways ; and 
that for 15 fpecies of pods twifted to the left, 
there were only 2 to the right. 

M, Parent has like wife obferved, that the fi- 
bres of the human heart are always twifted the 
fame way -, the external ones from right to left 
defending, and the internal ones the fame way 
afcending ; and that on the contrary, the little 
tuft, formed by the young hairs on the top of the 
head, is a] moft always twifted from left to right, 
with regard to the perfbn it is on, j 

It may fuffice to have hinted, that there are 
obfervations to be made upon fuch kinds of fub- 
jeds, commonly fo little obfcrved \ and that a 
man may turn his eyes and attention that way, 
every body hereafter will find the like occafions 
enough in nature. 

The conftant and invariable determination la 
fome parts, whether of a plant, or an animal, to 
be twifted the fame way, does doubtlefs arife from ' 
the feed or the egg ■, and tliis is a new proof, that I 
generation is only unfolding i but who ^ave the' 
tRe or the feed this determination ? 
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The fame ^ueftion may be made, as to the way 
wherein the planets turn ; and the whole may be 
referred tothearbitrary willof him who made the 
univerfc. Another queftion, viz. why a greater 
number of plants, or (hells, are twifted a cer- 
tain way muft be folved from the concatenation 
of fecond caufes ? 

M. Parent conjeftures, that this may have 
fome dependance on the fyftem of the loadftonc. 
He is convinced, that we may admit two vortices 
of magnetical matter, which winds fpirally around 
the earth, and along its axis, in two ways oppo« 
fite to each other ; one whereof iffues at one he- 
mifphere, and the other at the oppofite one. Thb 
magnetical matter is fubtile enough to penetrate 
bodies, and confequendy the eggs or feeds of 
bodies ; and if by any caufe whatever, one of 
the vortices be more difpofed to penetrate certain 
feeds or eggs, than the other, it will twift them 
in its own way. Each vortex perhaps may com- 
monly have moft power in the hemifphere it if- 
fues at, on which footing the bodies capable of 
being thus twifted, Ihould efFeft a contrary way 
in the fouthern hemifphere from what they efFe£t 
in ours ; but this notion wants to be confirmed by 
obfcrvations. 

II. Of a little infeSt^ called puceron. 

M. de la Hire has obferved the little infed^ 
called pucerons^ becaufe they are like little greea 
[puces'] fleas. They faften themfelves to the young 
(hoots of trees and plants, and deftroy a part of 
them. The leaves under which they place them- 
felves, curl quite up, and ferve them at the fame 
time for a covering againft the injuries of the air, 
and for nouri(hment. They hatch about the mid- 
1 die 
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I die of fpring, and grow very confiderabJjr in a- 
bout a month. They have 3 feet on each fide* 
and two pretty long horns on their heads. They 
are of a long rounded fhape, the head fmallj with 
2 eyes of a reddifli brown, Some time after- 
wards, they are feen with wings. M, de la Hire 
has found on the plants, which they eat fo great 
a quantity of white fpoils, containing the feet 
and horns of this animal, that he does not queftion 
their being coverings, which the pmerons quit, 
which have their horns and legs faftened to 
them, and hide the little wings, which they muft 
life, after the legs are fallen off. Thefe wings en- 
tirely difengage themfelves in half an hour j they 
are then very white, but after they are difengagcd, 
they grow black by degrees, and perfeftly like 
thofe of the common flies. The head of the 
infeft becomes black alfo, the body brown, and 
it diminiihes a little in bignefs. 

Here then h a fpecies of infeftsj which, from 
walking, come to fly, without paffing as mod 
other flying infers do, thro* the ftate of an au* 
rdia^ or chryfalis. Inftead of pafling thro' this 
metamorphofis, thtiz pucerons quit their coverings 
it perfedly refembles that with which the frogs 
are cloathed, when they are in the fl:ate of tad- 
poles, incapable of walking on the ground, and 
fit only to fwim. 

M^de la Hire tkinks the puarans live a whole 
year, and that, during the winter^ they retire 
into holes, whence they come out in the fpring 
to lay their eggs, as the common flies do. 

The ants are very fond of the pucerans. They 
gather in great quantities on the plants where they 
are, and the difeafes of thefe plants are imputed 
to them 5 but they are pucerons that have done 

all 
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all the harm ^ and the ants have only drawn then 
chither. 

III. Of the yellow amber. 

M. Gallandj of the academy of infcriptiooSy 
has confirmed the academy of fciences in what 
was faid of the yellow aniber, in the hiftory of 
1700 *. Her found fome of it at Marfeiliesy oa 
the fea (hore, in a place where there were no trees, 
and where the fea was bounded only by veryftecp 
rocks, which were beaten by the waves in rough 
weather. The yellow amber muft have been de- 
tached from the clefts of thcfc rocks, whence it 
fell into the fea. 

IV. Of a valuable fort of alabafiar. 

At the fame time M. OaUmd informed the 
academy, that he had feen at the feat of the illus- 
trious M. 'Pugei^ of Marfeillesy fome columns of 
alabafter of different colours, and very precious. 
It is fo tranfparent, that thro' the very perfeft 
polifli of which it is capable, one may fee above 
two fingers into its thickneis the agreeable variety 
of colours with which it is embpllifhed. M. Pie- 
get told M. Galland^ that he was the only perlbn 
who knew the quarry, tho' it was not far fi-om 
Marfeilles. 

Y. Of a bottle of water kept for a great 
manyyears. 

M. Dodart Ihewed a bottle of water of Sainte 
Reine^ kept ever fincc the year 1678, without 
any corruption, or any fediment that appeared at 

* Sec Vol. I. f4^. 1 86 of Ais abridgment. 
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tfcc bottom. There was however a lirde air in 

the bottle. The wicker of it was rotten. Upon 
breaking it, there was found at the bottom a 
light earthy icdiment, which had nothing faline 
in it. Some only were of opinion, that this 
earth might be a little tartarous. 

VL Of a Jurprijing recovery from deafnef 
and dumbnefs, 

M. Filibien^ of the academy of infcriptions, 
informed the academy of fciences of a Angular 
and perhaps unheard of accident, which happened 
at Cbartns. A young man of 23 or 24 years of 
age, fon of an artifan, who had been deaf and 
dumb from his birth, began all at once to fpcak^ 
to the great aftonifiiment of the neighbourhood. 
They found that 3 or 4 months before, he had 
heard the found of bells, and been extremely fur- 
prifed with this new and unknown fenfation. 
Afterwards there came a fort of water out of his 
left ear, and he heard perfectly with both ears. 
He fpenc 3 or 4 months in hearing, without 
fpeaking at a!l, accuftomlng himfelf to repeat 
low the words which he heard, and confirming ' 
himfelf in the pronunciation, and in the ideas 
anneired to words* At laft, he thought himfelf 
fit to break filcnce, and declared that he fpoke, 
tho* it was yet but imperfectly. Some able di- 
vines immediately afked him about his pad ftate, 
and their principal queftions turned upon God, 
the foul, and the moral goodnefs or evil of ac- 
tions. He did not feem to have carried his 
thoughts fo far. Tho* he was bom of catholic 
parents, went to mafs, was inftrufted to make 
the fign of the crofs, and to kneel in a pofture ef 
praying \ yet he never added any intention to all 

tbisi 
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this, nor comptehended what others intended 
thereby. He did not know diftindly what death 
was, and had never thought about it. He led ^ 
mere aniaial life, entirely engaged upon ferifible and 
prefent objefts, and on the few ideas which he re^ 
ceived by his eyes. He did not even draw from 
the comparifon of thefe ideas- all, that one would 
have thought, he might draw from it. Not that 
hie had naturally any want of underftanding, but 
the underftanding of a man deprived of the con- 
verfation of others, is fo little exercifed, and lb 
little cultivated, that he does not think fo much 
thereon, as he is indifpenfably obliged by exter-» 
nal objefts. The greateft fund of the ideas of 
ttien is in their reciprocal con verfat ion. 

VII. Ofn Jlorm of hail vf an extraordinary 
hignefs. 

M. Parent related, that May 15, there fell 
about Ilitrs^ in le Perche^ a prodigious quantity 
of hail^ which was alfo of a prodigious bignefii 
The leaft was as big as one's two thumbs, and the 
biggeft were of the fize of one's fift, and weighed 
five quarters of a pound, and the middle fizc 
was Jike pullets eggs, and in much greater 
quantity. It fell in ftveral places a foot deep^ 
There were 30 pariflies, in which the cofn was 
Cut as it were with a fcythe. The inhabitants 
of lliers^ feeing this ravage, had recourfe^ tor 
their bells, which they rung fo briskly, that 
the cloud was parted over their parifh into twa' 
parts, and feparated in fuch a manner, that their 
parifh alone, in the midft of 30 others, whigh 
had not fuch good bells, was very little injured. 
M. Parent related farther, that as the corn wasf 
then not very forward, tho' for the mod pari: 

Vot. II. N^ij. G ifl! 
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in the car, it made new flioots from the bot- 
torn, and that thefe ftalks began to form little ■ 
fpikes, which they hopj^d would come to ma- 
turity; we have fince heard that they had % 
good harveft. 

VIIL ji magnet teal experiment. 

A plate of fteel touched with a loadftone* 
fuftains a greater weight when it is longer. M. 
Tiefcaries^ and after him M. Rohaut^ have thought, 
that this increafe of force came from the magne- 
dcal matter acquiring more quicknefs in pafling 
thro* a longer plate, becaufe it finds the ways 
more eafy than other wife, M. JobUt^ who has 
ftudied the loadftone particular! y, and made a 
great many difcoveries on this fubjed, in a difo 
courle one day with M. Carriy fuppoflng this aug* 
mcntadon of the quicknefs of the magnet ical 
matter, found him not much difpoled to em- 
brace this opinion. As M. Carre was difputing 
againfl: it, there came an experiment into his 
mind, which would clear up the truth. It waac 
to make three plates of good fteel> well poliHicd^ 
an inch broad or thereabouts, one of which lhou!4 
be twice the length of the other two, and of the 
fame weight with both of them together, rodra^^ 
them an equal number of times on the loadftone, 
that they may be touched as equally as poflib!e,i 
and to il-e afterwards what weight the longeft 
would fuftain alone, and the two fmall ones put 
one upon another, lb that the poles of the fam^ 
name might be together, for otlicrwife thej, 
w^ould have no etfcd. If the increafe of forcQ 
of ope longer pl.ite came from the magnetic 
matter, having increafcd its quicknefs in paffing; 
thro* it, then the long plate muft fuftain ii- 
I greater 
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greater weight than the two fmall ones ; but if 
this augmentation of force came, as M. Carri 
thought, only from a greater quantity of mag^ 
iietic matter paffing thro' a longer plate, then 
ihe two fmall ones mull fuftain as much as' 
he great one. The experiment was made by 
M. Johlot^ and the longeft phte fuftained eight 
bunces two drams ; and the two fmalleft, a little 
hiore than feven ounces ; their not going beyond 
tight ounces two drams was occafioned by their 
not being wrought enough to join exadly ; for 
We know that the more two plates are united, 
the more force they have. 

To this experiment was added a fourth plate,' 
equal in length to the two fmall ones, but a little 
iieavier than the great one. It had been touched 
like the other three, and it fuftained only a dram 
nore than each of the fmall ones, which came 
Probably from its thicknefs, which had rendered 
jc more hard to be penetrated by the magnetic 
natter. Hence it follows, that among plates 
pf equal thicknefs, and confequently equally pe- 
.letrable by the magnetic matter, the longeft have 
ihe greateft force, only becaufe a greater quantity 
bf this matter has entered into them. 

Other experiments, that were made with the' 
j&me defign on the fame plates, terminated in 
Ihe fame conclufion« 

IX. Of the effeSi of vinegar on fome Jiones^ 

M. Carre has related, that having gathered 
fome little flat fmooth ftones among the fand 
in the river ; he put them into a bafon, the bot-v 
tom of which was a little inclining from the 
fides to the centre, and placed them at the cir-p 
ciJmfcrcnce 5 that upon pouring in fome vinegar, 
C 2 aU 
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all the little ftonea got prefently to tlie centre. He- 
tKinks^ the reafon of this effeft to be, that the 
yinej^r caufes a diffolution in the (tones, andconr 
fequcntly drives out the air which is th^n un- 
der thena, raifes them up, ai>d makes them roll 
on an inclined plane. For the fame reafon the 
ftar-fjtone turns in diftilled vinegar, ^d on a ho- 
riwntal plane. 

X% 7^^ former account of the inaccejjihh* 
mountain found to be falfe. 

It was faid in the hift.. of 1700 *, that if thei 
inacceflible mountain of Dawphiny^ which has its 
pojnt; at bottom and bafe at top, was well obferved, 
if might be found to.be a miftake. This has 
rieally been the cafe, the academy has been in- 
formed both by M. de Vauhonnayiy firft prefident 
of the chamber of accounts of Grenoble^ who is* 
pleafcd to be their correfpondent, and by a letter 
from M. Caj[eiy fecretary to M. Bouchu^ intendant 
of Daupbinyy to M. de la Hire^ that this pre- 
tend^4 inacceflible mountain, which is eight or 
nine l^agyes from Grenoble to the S. is nothing 
but a fteep rock planted on the top of an ordina-' 
ry moyntain, and that even this rock has not 
the figure of an inverted pyramid. Befides, there^ 
is no appearance of any rock or part of a rock' 
Jiaving changed the figure, which this marvellous 
mountain might have in the time of Charles YIII. 
for it is between fome mountains of a living rock, 
and we do not find at the bottom any ruins of 
jtpcks, as wc do in many other places. 

t §f^ Ypl- ?• fag. 181 qf this abridgment* 
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XI. Another jiBion of an uncommon Jhinin^ of 

thejia^ . « - 

There came a letter fronv Cadi%^ importing^ 
that for 15 rights together they had feen the whole 
fea fliining with a cleai^light, almeft Ukea li- 
quid Phofphorus 5 and to make this comparifon 
the more perfeift, that the fea water being carried 
away in bottles, gave the &me light in the dark ) 
that feme drops of it being let fall on th6 ground 
fhone like fparks of fire, and that linnen dipt in 
this water became alfo luminous. The faft hav- 
ing been well examined, is found to be falfe. At 
moft, this report, which was fpread even in 
Spain^ might be founded on fome particular and 
lively colour, which the fe^ might have at fun- 
fctting. The academy think, they do as tnuch 
fcrvice to the publick, in difabufing them with 
regard to falfe wonders, as in re<;ountihg to them 
the true. 

XII. Of fime petrified bodies found indofeS 

in ftones. 

' M. Maraldi has brought frgrti Italy forhe hard 
ftones, ok a whitcilh colour, which fplit into leaves, 
and difcover dried fifties, chaff and oltve leaves. 
They were found in the Veronefe^ by the cheva- 
lier Eiancbi. It has happened luckily, that in 
cleaving the grcateft pare or thofe which contained 
a- petrified fifh, it has been fplit in the middle of 
its thickneft, in fuch a manner that the two parts 
are very eafy to be known. They feem as if im - 
printed in a mould. All the outer part of the 
body of the animal is very exadly marked, and 
there is no room to c^ucftion their being real 

fiAics, 
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fifhes, involved in a fanJ which afterwards pei? 
trifled, 

M. Maraldi faw, in the grand duke*s gallery, 
filbes of the fame kind dried in ftones, which 
had been taken in Pimniday in the territory of 
Biblis^ now called Gikcal^ on fome mountains 
almoft inaccclEWe* and 15 miks diftant from the 
fea, 

fje faw alfo at R&me fcveral large pieces of 
niarble, mixt with red and white, which come 
from the moiintains of Sieih, The white part 
of them is formed of a great quantity of Ihcib 
inclofed and incorporated in the marble. 

What can have brought thefe filhes and fticlls 
into the earth, and even to the tops of moun- 
tains? Probably there are iubterraneous fifces, 
a& well OS fubterraneous waters j and thefe waters, 
which, according to M, de la Hin^s fyltem, rife 
in vapours, carry with them perhaps fame very 
light eggs and feeds, after which, when they are 
condenferf and replaced in the water, thefe egg& 
may hatch, and become fifties or fliellsv And if 
thefe currents of water already raifed a good deal 
above the level of the fea, and perhaps even to 
the tops of mountains, come by fome accident 
either to dry up, or to rake another courfe among 
finds, and at laft abandon in any manner what- 
foever the animals which were nouriflied in it, they 
will be left dry, and involved in earth, wliich pe- 
trifying itfelf, will petrify them a!fo. Thefe waters 
themfelves may be petrified, after having pafltd 
thro* certain earths, and be loaded with certain fahs. 
If all ftones have been liquid, as fame great philoio- 
phcrs think, dwn this fyftem is the more probable. 
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XIII. Why the bottom of a pot is not fo hot^ 
when the water contained in it boils ^ as 
when it does not boil. 

One day. a queftion was afked, why a veflfel 
full of boiling water is lefs hot at the boctom, 
whilft the water being taken off the fire continues 
to boil, than when it ceafcs to boil ; for whilft the 
water continues to boil, one may touch the bottom 
of the veflel with one's hand, without burning it, 
which one cannot do as foon as it has done boiling* 
We muft add, that to make this experiment fuc- 
ceed, the bottom of the veflel muft be thin, and 
the veflel itfelf pretty large- 

M. Homberg faid, that he conceived a body was 
hot, only becaufe it was penetrated every way 
by the matter of flame or of light, which coming 
out of all parts with impetuofity, like an infintte 
number of very fharp little darts, carried the im- 
preflions of the heat into all the bodies that it 
ftruck ; that when a veflel is on the fire, the flame 
being driven upwards by the weight of the air, 
endeavoured to make paflages for itfelf into the 
water of the veflfel ; according to this direftion, 
that at firft it muft have found it diflicult to pencr 
trate this water, where there were no fuch paflTages 
as its motion required, that it made them at lafl^ 
and in this ftate the water boiled, that then* all 
the paflTages upwards thro' the water were cafy, 
the flame, which inceflfantly ftruck the bottom of 
the veflfel, drove them eafily thro', that confc- 
quently the veflTel being taken off" the fire, the 
motion of all the little darts was at that infl^nt 
upwards, and fo they could not hurt the hand 
which touched the veflfel ; but that when it had 
done boiling, all its parts being lefs agitated, 
Cnking and falling one upon another, clofed an 

infinite 
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infinite number of ppflages, that before were openi _ 
which obliged the KttJe darts to efcape indiffe-^ 
rcntly on all fides, and that confequently the hand 
being applied to the bottom of the vcflcl, mufl: 
receive a great fminber and be hurt by them. 

The bottom of the veffcl is regarded her** 
only as a mere furface^ which the flame pafl^ " 
thro* only before it arrives at the water, and on 
which it does not aft. But if this bottom hasi 
any thing of a confiderable thicknefs, the flamol 
neceirarily afts upon it, as it penetrates, not only] 
upwards, according to the direftion impreficdi 
by the weight of the air, but alfo downwards* 
and according to all the determinations, becaufe 
it is neSefted by the folid parts j and thence it 
comesj that in this cafe, independantly on the 
different ftates of the water, the hand will aU 
ways perceive heat in touching the bottom, Iffl 
k is thin, and at the fame time the veffcl is " 
very fraalJ, then the fides of the veffeU which 
almoft cncompafs the bottom* communicate their 
heat to it, and confequently the veffel can no mord 
be too big, than the bottom can be too thin* 

XIV» 7baf the beM of water does not in^ - 
creafe^ after it has boiled. 

This little fyftem of heat has fupplied Mi 
Homberg with the reafon of a furprtfiog faft^ 
which M, Anwntons has difcoverM in working ■ 
at his thermometer, and has ferved him in the " 
conftruftion of it. If water boils as long as 
it can, its degree of heat does not increafc, tho* 
it is kept longer on the fire, or on a greater fire. 
Water, according to M. Romberg^ is hot only 
becaufe it is penetrated by the matter of the flamei 
which fwdls, raifes, and roughens its furfacct 

when 
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^hen rthis tnacter has made free paflages on a}l 
fides chrb' the watery the water boils as much as 
ft oln, ar\d the matter of the flame can do no- 
thing farther ; therefore, whether there is a conti- 
liual fucceflion of new matter; or Whether it comes 
in greater abundance, it neither can open the 
paflfages better^ ndr open a greater quantity of 
them. 

XV. Of a monftrous lamB. 

M. Antoine^ furgeon at Mery upon the Seinij 
a correfpondent in anatomy with M. Mery^ hav- 
ing met with a very remarkable monfter, new 
tonfequences were drawn from ir, with regard to 
the circulation between the mother and the/^/irj, 
Which were cbmmudicated to M, Mery^ and by 
him to the academy. 

A (heep brought forth two lambs, one of 
which was alive, well formed in all its parts, at 
its full time, arid the other dead and monftrous, 
without either head, breaft, verUbr^^ or tail, 
having only a fort of belly* at the end of which 
were the hinder thighs, legs^ and feet. This 
belly was round and oblong, being feven or 
eight inches in its greateft length,, five or fisc 
in its greateft breadth, and al)eve three inches 
in thicknefs ; it had nd aperture^ nor any di- 
ftindion of fex ; it was very flefliy^ as well as 
the thighs, covered with a skin juft like that of 
young lambs. In the middle erf the fore- part 
Was. the navel-ftring^ compdfed of four pretty 
thick veflels, and very well diftinguifhed. 

The infide of this deformed trunk was the 
moft wonderful > it had neither heart, lungs^ K- 
Ircr, Ipleeni kidnies, bladder, fpermatic yeffijjs, 
non any parts of gcnemtion/but only a mcfentery 

Voi.II.N^.13. D and 
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Md ioteftines, which were faftenM to it, and d] 
fort of ftojnach, which however had no fhape- Th% 
ftomach and the in[eftines contained a yellow and 
vifcid liquor, like excrements. 

The umbilical veflcls were the origin aoc 
end of all the reft ; and all the nerves began j 
from a pymmidal body, of the bigncfs of a] 
walnut, which confequently fupplied the plaqpj 
of the brain. The whole fabrick of the niaf%j 
©r the aflcmblage of the bones, confiftcd of al 
bone fituated in the upper part of the monftertj 
f>f two ojfa ilia^ or innaminaiaj which formed a| 
fort of bafon, and of the bones of the lower 
extremities. This pyramidal body, which repre-J 
fented the brain, was f^cned to the bone of 
the upper part. 

Two animals faftened together by foine cora^ 
inon part^ or a fingle animal with thofe parp 
double, which arc naturally fingle, would be| 
much lefe furprifrng than this half animal i ar 
therefore are not fo rare. Two cva^ mceEing in| 
the uterus^ may ftick together, and yet receive 
nouriftiment, and then, either all the parts of 
both unfold and fubfift* and they are two animalsj 
faftened together -, or elfe fome parts of one 
them perifh, and then remains an animal and al 
half animal united, in fuch a manner, that thcl 
half animal finds all that it wants in the wholel 
animaL But as for a half animal, which does 
not join to another, but is deprived of all the] 
jnoft neceflary parts, as the heart, lungs, ami] 
liver I how could fuch a one be formed and! 
Douriftied ? how could nature detach a half froail 
a whole, that is fo well conncfted, and fo indivi*1 
Able as an animat ? and how could (he detach 
the moft depending half from that which go- 

2 vertu , 




rtrns k, and cootains the principal Iprings of the 
naachine ? 

It neceflkrily follows from the want of the 
heart in this monfter, that the impulle of the 
rirculating blood did not proceed from the heart, 
and confequently M. Jmoine has fought for an- 
other principle of it. 

According to the common fyftem, the arte*^ 
ries of the uterus pour the blood into the pla-^ 
€mia^ which is nourilhed thereby i theo\reiplus 
of this blood enters into the umbilical veins, which 
make part of the naveUftring \ thence it is car- 
ried to the liver of the fmtus in the irunk of 
the vena fort^^ whence it pafles into th^ vena 
eava^ and into the right ventricle of the heart. 
The blood of the mother being once arrived ac 
the heart of the f^tus^ is afterwards ufually di- 
ftributed into the parts of the fd^tus^ except the 
ilrerations made in its courie bjr ih^ foramen 
ovale^ and the canal of communication* There 
is yet another ijcceffary difference, that the navels 
firing and the placenta mgft be comprehended in 
^the circulation i and for this reafon^ the blood* 
which comes out of the iliac arteries ofihcf^ius^ 
enters the navel-ftrin^by the umbilical arteries in 
the placenia^ where it is taken up again by the 
veins of this part, and afterwards by the umbili- 
cal veins, which carry it back with new blood 
from the mother^ to the liver and heart of the 
fc^ius. 

As the heart was wanting in M, Antoinch mon- 
ftrous lamb, either the blood of the mother, car* 
tied into thitfmus by the umbilical veins, accords 
ing to the common fyftem, muft have returned 
to the placenta by the umbilical arteries, contrary 
'p the ordinary rules of the circulation, which do 
ROf feeoi to permit this return of the blood by the 
B 2 urt^ri^Sa 
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arteries, or dfc this very blood being driven 3 

by the mother into the arteries of the placenta^i 
muft have paiTcd thence into the unibilical arte-1 
ries» difperfed itfdf into all the parts of theyis'-jj 
ius^ and returned to the placenta by the umbili-ij 
cal veins % which feemj more conformabk 10 thq" 
laws of circulation J but entirely rev^rfes the com-^ 
mon fyftem, 

M, Jnimm has chofen rather to give op thii 
fyftem, than to admit an exception to the or J 
dinary laws of circulation. He has even though t,l 
that if in this monfter the blood of the moiht^l 
entered by the umbilical arteries, it followed tliM 
lame cgurfe in ail ih^fo^tus^s^ and he fent a paperj 
to d)e acidcmy^ wherein this new opinion wa 
ingenioufly explained and fupportcd. 

We muft not foj^et to obferve iq the monJ 
ft reus Iamb, the extraordinary brain, placed lol 
% ftill more extraordinary manner in the belly,| 
which wjis the whole animah We may thencq 
conjdfture^ how much a common principle o| 
the nerves is neccflary ^nd indifpenfable in thij 
whole animated machine* 

X VL Of the oriental and occidental bezoari 

. The bezoar h nothing but the gall-ftone of fejp. 
vera) forts of animals, both of the Eaft and Weft A 
Indicia as goa s, hogs, monkics, iSc, The vir^J 
lue of the bezoar confifts in the volatile alkaline 
fa Its of which it is fornled^ fmce i| is in tStt 
nodiing but the bile of thefe animals. It is thcrre*^ 
by that it deftroys acids, and promotes perfpira-^ 
tipUt and without going fo far tu feck (or be- 
tfoar, every gall-ftone of an animal is fuch, tho?^ 
perhaps more or Icfs adlive, according to thf 
dificrent animals, and the different climates wherp 

thei 
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t^y live. The bezoar.fometinies alfp gets a Ijtdtt 
from other parts befidej the gall. 

XVII. Of a tizardfrm the Eaft-Indiejf^ . 

F. Gouye fliewed a lizard from the Eajlrlndies^ 
called by the natives Phatagen^ and by Mdro^ 
vandus^ Lacerta Jndica Squammofa^ It was tyo 
ipet \ long, ihappd almoft like a crocodile, cOr, 
vered witfi fpalc;^ of" fhe fize of a crown-picoe,' 
His ftpmach was found ful] of ants, which axe 
the comnion food of this animal ; it has alfo a 
tongue neaj: a fqot lon^, to catch them the more 
^fily. It had in the upper' part pf the (to-* 
mach a bag full pf living wprms, aboyt th^ 
thicknels ^nd length of pins, . in number. a)jput 
iooo, and, which is yery aftonifliihg, it was ntii 
difeafe ; there were a? fnany fqund in another 
jMiimal pf tjiq . fame /pedes. We have already 
pbferved the fame thing in a tiger fron> China^ 
p the hiftory of 1629 *• 

XVIII. Of a pupp^y which had QnJy cm ejt 
in the middle of its face. 

M. LUtre (hewed a dead puppy t, which ha^ 
but onq *cye» withoiit an <ye-lid, fituated in the 
middle of the lower part of th^ fece, juft as tbp 
Cyclops are painted. It had neither no(e, nor 
throat, npr any aperture to iupply them. It 
was fat an4 wpll nouriQ^ed, and died foon after 
it was born \ no dpi^bt becaufq it could not take 
iif any air. This fcstus could not have been 
pouriihed any other way than by the navd- 

* Vol. I. Pag. 2 1« of this Abridgment. 
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ftring. Ic had above its eye, and towards tbe^ 
middle of m face, a fort of cartilaginous body,< 
I an inch long^ and a line thick, folid, of a co- 
fiical figure, and without any aperture. 

XJX. On the vahes of pumps, 

M, Amonims having conftrufled a forcing] 
pump, was furprized to fee that the valves, whkh' 
Were of mecal, well made, 4nd well ordered^ , 
fomctimes ceafed to pUy, and (topped on ^< 
fbdden. He thought fome vifcid fed i men t hact 
ftuck thcfc valves together, but he found nothings 
fike it, upon examining the pumps feveral times- 
The wonder of the effedt confifted in this, that^ i 
when the pifton was raifed, there was a vacuum I 
forrtied between the pifton and the valve 5 that ] 
confeqaendy this valve was driven upwards^ byi 
the water, which was driven itfclf by the weights 
of the whole atmofphere ; that the body of th* 
pump being immerged above fix feet in water^ 
ihe weight alfo of fix feet of water preflfed the 
Valve, being equal to about f of the weight of m 
the atmofphcre ; and yet that this valve, which V 
.wa? intended to open by this impulfe, did not 
^en at all 

This efFeft may be compared to the known 
experiment of two fur faces well polifhed and 1 
wetted, applied againft each other, which cannot 
be feparated but by the aflion of a great weights 
for the furfaces of the valves are in like manner 
applied to their fliells as exaftly as poflTiblft^ and 
tsoth of them are neceffarily moiilencd. But 
(here appears at firft fight an effmtial difference^ 
that in the ccnnmon experiment we may afcribe 
the union of the two furfaces, or the difficulty of 
ftparating them, to the prelTurc of the air, be- 

caufe, 
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ttufe* as there is no air between them, tlie whole 
atmofphcre refifts their feparation ; on the ooor 
trary, with regard to the valves, it is the whofe 
atmofphere; and alfo a force ftill greater, thlt 
tends to feparate them from their fliells. 

It remains therefore^ that the whole force of the 
union of the valves andfiiells confifts in the water 
that moiftens them j the parts of water, whidt 
have entered the pores of one of the bodies, muft 
powerfuUf fallen upon the other, and every one of 
them muft hold to the two bodies by its two eae- 
tremitiesi for free and flowing parts of water 
would hinder the itnion^ they muft faften fo much 
the more powerftally, as the two furfaces am 
more poliOied, better wrought, and exclude the 
air more pcrfeftly i the multitude of the faftencd 
particles of air muft contribuce to thegrcatnefeof 
the ctFoft % and in the laft place, the difficukf 
cither of detaching or extending them, muft pR>- 
duce that of opening the valves. . 

It is certain, that to detach from the copper the 
parts of water which moiften it, there muft be a 
pretty confiderable effort, and it muft be only by 
the evaporation, or by a violent friSbn, and «t- 
feveral effays^ that we can entirely obtain the cf- 
fcft. As for the extenfion of the parts of water, 
neither M, Afmntons^ nor all the reft who have 
been willing to make the experiment, have been 
^k to affirm^ that water is capable of extenfion. 
Thus we may believe, it is all reduced to the dif* 
£culty of detachitig the parts of water. It is more 
than probable, that they do not faften with the 
lame force to all forts of bodies. 

It follows from the obfcrvatiofi and reafoning 
of M. Ammims^ that in the experimeat of the 
two furfaces, wetted and applied to each other in 
ihe open air, it is not onlj^ the preflure nf the 
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pbcrc thit makes their union, but the parb 
tcr which wet thcm^ have more or Icfi ffiare 
n^ according as they are more or Ids ftrdngly 
to the different farfaces of the bodies j 
dm is a caiife which we did not think of in the 
^explication of thb fb^mmemn^ tho* it was at Icafl: 
[>s importaat and efficacious^ as that which was ^ 
difcoveredj and it may ad alone, or tvcn 
>mbated by the other, 

M. Ammtms would ha^e b^tn gkd to cott:* 

•^|>arc the force of the union produced by the parts 

'©f water, with chat which Is produced by the prcf^ 

pfare of the atmofpherc. The way #as to im merge 

Kbe pump deeper and damper in the water, till at laft 

ithe valves would open without difficulty ; for we 

^Ihotild have leen thereby what weight was exaftljr 

^required to overcome all the refiftance caufcd by 

"^ihe adhering of the parts of water, but this could 

liiot be put in pradice, becaufe of the particu!^ 

circumftances of the plice, 

Thefe obfervations on the mutual adhering of 

• bodies, and on the forces which produce it, xn^ 
[♦fcrve one day to difcover the general caufe of 

:hardners, which is none of the leaft queftions m 
phyficks 5 but whilft we are expcfting fo elevated 

• a theory, M. Amont^m drew from his experiment 
fomething ufeful in practice. He changed the 

rTalves of metal for flips of leather, after which 

• the pumps played pertcftly well, becaufe katber 
^ not being near fb folid as metal, the water does 
► not adhere in the fame manner. The inconVe- 
i nienoc of the valves came fmrti their being too 

well made, too well polifhedi ^tid t6o Well fittM 
^upon their fliells, and certainly we fliould never 
llmve expefted, that too great a perfcftion would 
rhavc rendered them afcleis. To prevent thisac- 
*cidcnr, M, Jmcnicn^ advifes m tq prefer Jeatbem 

flaps, XX- 
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' XX. Orithe recoil ofjire-arms. 

M. Gtofiray having reported fix>rh the pbilofd^ 
fhical trdnfa3ions^ that it had been found in the 
royal focietytS London J that a certain charge of a 
fire-arm turned the bail from right to left, whiift 
the cannon in recoiling went from left to right ; 
this fa6l, thrf abfolutely poflible, feemed very 
dbubtfuLj and we were willing to be fure of it, 
before wc fought for ingenious reafons, which wi5 
mfght perhaps have had the misfortune to find. 

M. Caffini die fon undertook the experimenf, 
andhe<:auied'a machine to be made as like a$. 
poflible to the Englijh one- It was a wooden 
Ifofceles triangle,' upon which was placed .and 
made very faft a gun, of about 3 feet- 8 inches i 
the breech of it retted upon the bafe of the tri- 
angle, and the end upon the vertex. We muft 
fuppofe, without entering into a more exaO: de- 
fcription, that the machine was fuftained at its 
3 angles upon 3 pivots, which hindered it from 
rubbing againft the ground, that it might be 
rendered &(!t and unmoveable by fcrews, which 
entered info its pivots, and that fo by taking a- 
way the fcrews of the angle of the top, and of one 
of the angles of the bafe, it might turn upon the 
pivot of the third angle, as upon a centre, and 
that it turned very eafily, bccaufe there were rol- 
lers at the 2 angles, which were defired to be 
moveable. 

This being done, M. Caffini the fon fattened 
the machine, charged his gun, fired it, obferved 
the place where the ball ftruck upon a board placed 
at 17 feet dittance, then he took away the fcrews 
from the angle of the vertex^ and from one of the 
angles of f he bafe, charged it again, and fired \L 
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'he machine muft then recoil, becaufe it was a 
liberty, and its recoil was the arch of a circle^ 
which the moveable angle of the bafe defcribed. 
The place was oblerved, where the ball had 
ftruck, the niachine being at liberty^ and it was 
conipired with that ofth^^xed ftrokep 

The experiment was repeated a great number 
of times, and with fcveral different charges, as 
well tor the fixed ftrokes as for the others. As 
the machine always recoiled, or turned, when it 
:was free, thefc ftrokes did not always hit the 
fame place with the fixed ftroke, but they always 
went to the right of the fixed ftroke, becaufe this 
circular recoil was made tliat way, and tho-e never 
was found between tlie ftroke and the recoil the 
contrariety of direction marked in the Englijh ex- 
periment. 

An ad vantage, which that of M, C^«/bad, is, 
that every time he replaced his fixed machine, he 
was well affurcd, that it was found again in the 
fame fituation, in the famediredion, and that it 
had received no alteration from the preceding 
fhakes ; for ail the fixed ftrokes went always iiuo 
the fame hole* Perhaps, on the contrary, in 
the Englifi experiment, the gun, which had not 
been held faft enough, turned from its firft di- 
rtftioni and this might be fyfRcicnt to make the 
ftroke have a contrary one to the recoil. 

The recoil vvjs always fo much the greater, as 
the charge was ftronger ; but the ftrokes of the 
machine at liberty were not diftant from the fixed 
points, in proportion to the greatnefs of the re- 
coiL On the contrary, the ftronger the charge 
was, and the greater the recoil, the Icfs did the 
free ftrokes vary* This comes from the ball al- 
ways going out with mort! velocity, there is left 
irnpreiFion felt of the recoil, which does not begin 

to 
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to fliake rfie machine, till the ball is upon the 
point of going out. 

XXI. On f be force of machines in general. 

The multi plication of forces by machines has 
fomething deceitful in it, not wich regard eg thole 
who know the principles of mochanicks, but to 
the general part of the world, on whom the en- 
gineers may impofe by magnificent promifes^ and 
lometimes to the engineers themfelves, if they have 
more invention or boldnefs than knowledge. 

The academy fometimes hears of fome of thefe 
engineers and their lofty propofals. One man is 
to have as mucheffeft as 50, ro raife a burden, 
and when it is objefted to them, that this man will 
therefbre, according to the rules of mechanicks, 
travel 50 times more than the burden, and con- 
fcquently Jpend much time, they do not always 
allow this neceflTary augmentation of the way and 
of the time \ nay, they fometimes go fo far, as to 
pretend that the rules of mcchanicks are human 
inventions, which do not fubjeft nature, and that 
we muft believe experience rather than books. 

This gave occafion to M, Amanims^ in a paper 
which he read to the academy, to review the firft 
principles of mechanicks, and to lay open the 
whole compafs of them, with regard to the ufe 
of machines. We will here give the metaphv- 
ficks of them, which are no kfe demonftrative 
than geometry, and may be more intelligible. 

Whatrocver may be the caufe of the refitUnce 
of bodies to motion, at leaft of thofe upon which 
we can aft, it is certain, that they bring a certain 
refiftance, and that it is the greater, as they are 
greater J or have a greater mafs. And as a quicker 
motion^ is % greaterjnotion, this rcfittance is alfo 
E 2 pro- 
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proportioned to the velocity^ with which one 
would move them, Confequently^ when a body 
is moved, the force which moves it is fo much 
greater, as it has more mais and velocity j fo that 
* the force, or q^uantity &f fmtwn of a body, is 3 
produft of its mafe by its velocity. 

Of thefc two things, one is fixed, and always 
the fame in all the motions which we can give to 
a body, and this is its mafs; the other, which is 
its velocity, is infinitely variable in the different 
inotions which may be given it, and there is no 
body, how fmall ibever, that can go to fuch a 
degree of quantity of motion, or force, as we 
will, provided we give it a fufficient velocity. 

Not only the fame caufe, which produces the 

refiftanceofthe bodies to the motion, produces a 

greater refiftance to a greater motion ; bat it does 

it only becaufe it produces the refiftance to the 

jiiotion. Thefe two efFefts therefore are but one i 

therefore, the refiftance of a great body to a fmall 

iHioEion, is the fame with that of a little body to a 

great motion, provided the maiTes and velocities 

j are proportioned, and provided the greater quick- 

nefs belongs to the lefs mafs. Therefore the 

I forces neceflary to furmount thefe refiftances arc 

[Equal, and in like manner the quantities of motion 

Jof two bodies moved in thefe conditions. 

Thence it follows, that the fame force or quan- 

kity of motion in general, may be formed in in- 

I finitely difterent ways, and all equivalent •, for pro- 

^ vidi^d the produft of the mafs and of the velocity 

continues the fame, thtrfe two magnitudes may vary 

infinitely between themfclves* But if we coofider 

determinate body, to which wc would give a 

certain quantity of motion, we cannot do it but 

yy augmenting its velociryj feeing its mafs cannot 



changed. 



No 
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No force can be in equilibrio but with an equal 
force, nor be furmountcd but by a fupcrior force. 
Thus all the art of n^chanicks never renders a 
fmall force equal or fuperior to a greater ; and 
every time that it feenis^ that a little force is in 
equilibrio with a greater, 25 lb. for exainple, 
with 100 lb. it is a fort of illufion ujxmi the 
^yes^ the equilibrium is not between 100 lb. and 
25 lb. bu^; between 100 y^. and 25/^. fo moved 
or difpofed, as neceflarily to move four cime$ 
faiier than the \oo lb. \( vft compare only thefe 
two fixed niid immoveable magnitudes, 100 lb. 
and 25 Ik. the 25 lb. ieem to be multiplied and 
elevated above themfelves, and this is the falfe 
marvellous in mechanicks \ but it is diflipated by 
the 4 ,4egrees of velocity, .which were to be given 
to the 25 lb. and are a real and true force, tho* 
lels fenfible* 

A force of 10 lb. moved 10 times fafter than 
the 100 lb. would have equalled them in like 
manner, and it is the iame with all the poffible 
produds equal to 100 ; but at laft we muit al- 
ways find 1 00 lb. force, in wbatfoever manner 
we take diem, either upon the fixed, or upon the 
variable magnitude ; this is an inviolable law 
prefcribed by nature, which has left to art only 
the chcMce of the diflferent combinations, which 
can make the fame piodud of force. 

A fmail power, therefore, not being able to 
move a great weight, if it does not make as much 
way in the fame time as the weight will make 
little, there happen from it two infurmountable 
inconveniences -, that the power, for inftance, a 
man, is obliged to make a great motion, either 
^f the arms or feet, for a long time, and that dur- 
ing this long time the weight, of which the ele- 
vation 
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vation is the objeft of the whole machine, is but 
little elevated. 

It follows from this, that the time neceffary 
for the power to make a certain way regulates the 
time, during which the weight fliall be elevated 
or moved. For example, if a man having a 
force of 25 lb, raifes a weight of 100, this weight 
cannot be raifcd a foot in lefs time than the man 
could go 4, and conlequently it is from the man, 
or in general from the power that the time of the 
elevation of the weight takes the law. 

Moft engineers being da:zzled, or willing to 
dazzle by an apparent multiplication of forces^ 
either do not give attention enough to the time 
which it wiH neceflarily coft them, or do not know 
how to calculate it with fufficient exaftnefs ; and 
this fo effential a point not being cleared up, the 
machines are always wonderful as to the efFedt, 
Indeed^ it is not cafy to determine exaflly what 
Ihali be the velocity either of men or horfes, which 
are the powers moft commonly employed \ and 
it is for this reafon, that M. Jmmims^ after hav- 
ing carefully tried their velocities in different ac- 
tions, has given the following refaks of his ex- 
periments, which will fiirnifh fure and commo- 
dious principles for the calculation of moft ma- 
chines that can be imagined^ und even of fever al 
labours that are undergone without machines. 



Etcpim 
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Experiment 

1. Two chairmen loaded, goingYi 
thdr uft^l rate, made in 80^ 

2. A porter loaded,^ in 139^ 

3. A footman walking, in 120'' 
4- A footman running with his 

whole forcje, in 25^ 

5* A drawer of a loaded calafh, 
in 86^ 

6. A horfe drawing upon the 
pavement a cart loaded with 1 500 lb. 

y. Two horfts drawing a coach f* 70 toifcs. 
upon the pavement, at the ufual rate, 
in 62" 

8. Two other horfes drawing a 
coach alio upon the pavement, in a 
trot, in 45'/ 

9. A faddle horfe, with its rider 
inounte(^>. going the common pace, [| 
in 8q" 

10. Another faddle horfe, with 
its rider alifo mounted, going the 
grand pas in 50" 

11. Some labourers carried each of them 22 
baskets of eanh in a day, each basket weighinjg 
30/^. to 370 toifes diftance, they came back 
empty, and this was cenainly as much as they 
were able to do. 

12. A man raifed a weight of 25 lb. with a 
cord pafling over a puUy, to the height of 220 
feet in 145'' 

13. A man who weighed 133/^. rofe to the 
height of 10 tpifcs 2 feet, on a ladder in 34'', 
and was quite out of breath, and unable to pro- 
ceed. 

3 ^4* 
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14* Two horfes fattened 



plough, 



in a 



foil 



f neither too loofe nor too ft iff, made each of them 
[an effort of igolk 

5. A fawyer gave ^00 ftrokes of ^ faw, and 

l-raifed it as niany timers in 145'', at each ftroke 

ihis hand went 18 indies, with an effort of 25 /^* 

he was very much out of breath, and could not 

go on above 3' without taking breath. 

We fee now in what limits of time a great 
number of common aftioos are contained, and if 
we woukl make ufe of others, it wi!l be eafy 
lalfo to make a fundimental experiment, which 
t^ill regulate the whole calculation of the time- 
When we (hall know the time, which a cer- 
[tain power will necefllirily require, to move a 
[certain weiglxt, we (hall find perhaps, that the 
iflownefs will be fo great, that it will be better to 
iincreafe the power, and to renounce the deceit* 
ffui or dangerous advantage of employing but a 
very fmall one. 

The whole art of mechanics in general con- 
iCfts therefore, not in multiplying the forces, butj 
[according to the expreflion of M, Amontons^ 
Which feems more proper, in modifying them> 
[and employing them againft other equal forces^ 
|ln the manner that bell agrees with the defign, 
"he difficulty of choofing well between the ditfe- 
I'ent manners is fometimes great enough to exer- 
'tife the bt^genim'^s. 

In particular, there are an infinite number of 
l^ttentions to be made to the molt advantageous 
applicarion of the moving force, or, which is 
the fame thing, to its ftrongefl: dit^ion, to 
the means of hindering this dircftion from being 
'-changed in the aftioiis which muft be equal, or 
of making ic, if it does change, m be recom- 
penfcd elicwhere, to the fridtionsj which are all 

put 
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put on the fide of the weight againft the power, 
vrhidi mui^ confequently be avoided and dimi^ 
iiifhed, as much as poITible, to the fimation of 
yie centres of gravity or percuffion^ &f r. Thus, 
when a machine anfwers its defign well, there 
is no need to puff it Up by a falfe multiplication 
of forces, to be fure, pf its being one of the 
ifinm works of human genius. , 

XXIL Onfriaions. 

The hew difcovery of M. Amonions^ that 
fridions are always proportioned to the preflure 
and to the velocity, and never to the furfaces, 
was important enough not tb be received without 
a llrid examination. 

There are fomie cafesj Which feein evidently 
to prove the contrary. If, for example, two 
. equal powers are applied to t,he extremities of a 
trord, which towards its middle \t turned about 
a cylinder, and they draw one againft the other \ 
it i$ certain that one, in cafe it receives an aug=. 
mentation, and becomes fuperior, cannot make 
the other come to it, but by making the cord 
move upon the cylinder, and by furmounting its 
frlftion i and it is certain alfo, that it will have 
need of io much .greater augmentation, as the 
cord fliall make more turns about tlie cylinder. 
Wow, why does a greater number of turns of tht 
cord about the cylinder render the motion more 
difficult, unlefs it is becaufe the friction of thr 
cord is made upon a greater quantity pf parts of 
the cylinder, or upon a greater furface ? for what- 
Ibevcr number of turns the cord makes, the 
preffure caufed by the two powers is always the 
&me. 
* Vol. II. N^ 13, F M. 



^4 ^^ History and Memoirs of the 

M. Amontms anfwers to this, that it lis always 
the prcflure that renders the motioh more difH- 
cult, and that it is fo much the greater, as the 
number of the turns of the cord is greater, be- 
caufe we muft reckon the fame power as applied 
fo many times to the cylinder, as the cord makes 
turns about it. Thus the power applied by a 
cord, which makes two turns, three turns, &?r: 
bdcomes double and triple of itfelf. But as this 
multiplication of the fame power might fcem 
not very true and fit for the purpofe, M. jimon- 
tons proves it much after the following manner. 

Let the cylinder be cut according to its axisy 
into two equal parts ; let one be fufpended and 
immoveable, and the other be moveable and 
placed lower, and let it bear a weight fattened 
to it, and let a cord turn about both as often as 
you pleafe, and let a • power be applred to it, fo 
that it may tend to make the lower half cy- 
linder rife, loaded with its weight, we fliall fee 
that the power is in the fame cafe, that if it 
tended to make the weight rife to the aid of a 
redoubled pully, and that confeqaently, if there 
is an equilibrium^ it is to the weight, according 
to the principles of ftatics, as unity is to the num- 
bisr of half turns, which the cord makes about 
the cylinder ; for unity is to this number, as the 
way, which the weight would make, to the way, 
which the power would make, in cafe the equili-- 
hrium ceafed. All the effort therefore, all the 
aftion of the power confifts in this power multi- 
plied by the number of half turns of the cord. 

Now let us fuppofe the lower half cylinder 
faifed by the aftion of the power, its plane fur- 
face applied againft the furface of the upper half 
cylinder, and the weight taken away, which 
would have endeavoured to feparate them, all 

2 the 
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Ae reft remaining the fame, it plainly appears, 
that the power only preffes one of thefe half cy- 
linders againft the other, that its aftion or effort 
arc exadly the fame as before, and that confe- 
qucntly they always confift in the produd of 
this power, by the number of the half turns of 
Ae cord; Therefore independently on a greater 
forface of the two half cjrlinders being encora- 
paffed by the cord, and rubbed with it, the pref- 
fure of the fame power is greater by the multi- 
plication of the turns of the cord. 

The preffure alone making by itfelf, accord- 
ing to M. Amontons^ the whole refiftance of the 
fridion, the greater or lefs velocity, which we give 
to the bodies that rub, is a circumftance which, 
augmehts or diminiflies the effedt of the preflurc,. 
that is, the difficulty of the motion. We muft 
therefore obferve to difpofc machines in fuch a. 
manner, that the parts which rub may have the 
leaft veiocity ppffible. Thence M. Amontons con- 
dudes, that. every time a wheel turns upon its 
axisy it muft make the diameter of the axis the 
leaft that is poIUble with regard to that of the 
wheel ; for the two furfaces of the wheel and of 
the axis^ which uecelFarily rub, will have the 
lels velocity, fince the velocity of, a circular mo- 
tion always diminifhes from th? circumference. 
towards the centre. For the fam,e reafon, when 
we make indented wheels, we muft make the 
t^th as fmallt and as thio as po0ible. Qne of the 
teeth rubs by one of its furfaces, againft an e3C- 
tent equal to the furface which rubs, and it muft 
difengage itfelf in a certain time, by running ^ 
thro* a fpace equal to the fame furface. There- 
fore the fmaller the furface is, the lefs fpace it has 
to run through; and it muft here be obferved, 
t^ the ftp^Upeis of the furface diminifhes th^ . 
F 2 refift. 
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pefiftancc of the fridtion, not becaufe it is a hiii 
ftirface that rubs, but becaufe it is a lefs fpace run 
through. 

Another obfervation of M. Amontons upon 
rtt^chines» with regard to friftion, is, that we 
ittiuft be very careful that the • line, accord-, 
ing to which the moving force afts, may not 
"be the fame with that of the prcffure \ and the 
reafon of it is quite natural, for the moving force 
Would unite its adbion to that of the preffurc, whicl^ 
is. always contrary to it. This force muft adl as 
ifiuch as pofllblc by the fame line, according to 
which the bodies which rub are to move. 

Notwithftanding all thefe proofs and obfcr- 
'^ations of M. Amontons^ who had fct his fyftem 
of friftions in a pretty good light, we are here 
obliged to acknowledge to thj publick^ that the 
afeaoemy was not fully perfuaded of it. They 
allowed that the preflure was to be confidered 
in friftions, and often to be folely confidered, 
but they could not, with M. Amonions^ abfolutely 
exdudc the confidcration of the furfacds. He re- 
prefented the great nutnber of experiments, which 
he had made, where the furfaces went for nothing 
but experiments have a certain compafs, more or 
^ \kK% infenfiblc, which may fometimes be fo on 
cccafions, where the determination of the que- 
ftion might have been made. Thus they were 
willing to c^rrv the afiair, even into mctaphy- 
fits, and to feck what was to be thought of it 
iii the firft notions. 

Let two bodies, having plain furfaces, be per- 
feftly hard and poHfhed, and Jet them be mo- 
ved one upon the other; it is plain that the 
rififtance caufcd by the friftion^ will either be 
none, or infinitely fmall ; but if^ inftead of this 
hypothefis, which is not injnatore, we conceive 

tWQ 
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two bodies, having rugged and uneven fiirfacei, 
the difficulty of moving one of them upon the 
other, can come only fronn the neceflicy of raif- 
log the firft to difengage its parrs let into the fc- 
cond, or from the prefDng and rubbing of the 
parts of one againft thofe of the otlier, or of 
both trgether. In the firft cafe, the only difficulty 
of raifing one of the bodies makes that of the 
motion^ and confequently the fridion com^ 
only from the greatnefs of the weight to be 
mi fed, or, which is the fame thing, from its pref- 
ftire, aiid the greatncfa of die furfaccs goes for 
nothing. In the fecond cafe, the greatnefs of 
the (br faces alone woold do a!], if it was poffi- 
ble that this fecond cafe was abfolutcly feparated 
from the firft, that is, that the parts of one 
body were rubbed againft thofe of another, with-' 
out raifing eitJjer pf them, fpr it is vifible, that 
a greater number of parts to be rubbed make a 
greater refiftance j but becaufe we do not rub 
without raifing, at leaft in pradice, the refiftance, 
which comes from the greatnefs of the fyffaces, 
is always mixed in this fecond cafe with that 
which comes from the prefilire -, whereas in ih^ 
firft, that which comes from the prefiure» ma]^ 
be fingle and without mixture. Befides that part 
of % body, which fuftcrs a fridion, is ufuaLIy 
very fmall with regard to the grc^it number of 
times, that it muft be rajfed in the fame fridion, 
and to all the fmall heights, tiikcn together, to 
whkrh it muft have been lifted, Thus^ befides 
that the refiftance, which cpmes from the pref- 
fure» may be alqne, befides its always accompany- 
ing that which comes from the greatnefs of the 
furfaccs, it is ufually much more confidcrable 
than that, when it docs accompany it, wherefore 
jn the grcatcft part of the experiments, it is the 
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[-Qnljrone that makes icfelf be perceived, and the 
lenly one that wc ought to reckon. But as it is 
I poffible, that in certain cafcrs the preffure may be 

very flight, aad the number of parrs to be rubbed- 
I very greats or what is to be rubbed inay be very 
I confiderable, it mufl: then happen j that the fridion 
[fcnftbly follows the proportion of the furfaces. 
-This fort of metaphyficks, which we have juft 
I opened, may (crve to give a more entire and per* 

fed idea of the fridions, than that which might 
> be drawn folely from experimentSp When qucf- 
[ tioDS are of a nature to permit us to examine what 

ought to be, we may advance, that what ou^hc 
I to be well conceived, is alfo cenainly that which 
j JS, and often fets right what feems to be. 

PCXIIL On the cmrfe held by feveral hedies^ 
^^iied together by cords ^ and drawn on n h^- 
* rizontal plane, 

Suppofe fcvepal weighrs, fuch as you wUI, M- 
ened to the fime cord, fo that the parts of the 
Jcord contained between thefc weights being ftretch- 
as muf h as they can be, may make angles be- 
Itween themfelves, fuch alfo as we wiih The 
Icord being drawn by any force whatfoever on a 
[ horizontal plane every where equally rough and 
agged, if all the weights are moved togethefi it 
[is certains that they will have different courfei, 
from the direftions, which they had before to* 
[wards one another, which alfo were only the 
iame parts of the cord where they arc faftentd, 
jNow the queftion is to determine what all rhefe 
Idifferent courfes ihall be, and the force neceflary 
[to move all thefe weights. This is what M. 
\^arint has done, by a general method, which 
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contains all the particular cafes poffiblc. We (half 
here give only the principles of them. 

In the inftant that the force, which draws a 
body on a* rough horizontal plane, is ready co 
make it part, or which comes to the fame,, ac- 
cording to the geometry of infinites, in the in- 
ftant that it makes it defcribe a fpace infinitely 
fmall, it is exaftly equal to the refiftance, which 
this body brings to the motion ; that is, to its 
iriAion on a rough plane; for this is all that it 
has to furmount, in order to make it move, Wc 
Ihall here confider only the refiftance caufed by 
this friftion, and the bodies drawn, only in the 
inftant that they are ready to part, or defcribe al- 
ready fpaces infinitely fmall, and confequently arc 
in tquilibrio with the moving force. 

If two weights fattened to the fame cord afe 
drawn by a force, the diredtion of which is in the 
fame line with this cord, it is very plain, that pro- 
vided this force is equal to the fridion of the 
two weights, it will put them both in a ftate of 
parting, and moving according to the line oPits 
direftion. But if the diredion qf the moving 
force is oblique to the cord, which binds the two 
weights, then it muft be confidered, that the firfi 
weight, that is, the moft diftant from the mov- 
ing force, refiftsthe motion, which it endeavours 
to impreis on the fecond^ which is the neareft, 
and upon which we may conceive that it ads at 
firft, that this fecond being drawn by the forces 
according to its direftion, it is therefore at the 
fame time in a manner withdrawn a contrary 
way by the firft 5 that the dircdk)n of the firft 
with regard to the fecond, is the very cord thajc 
binds them ; that this cord being oblique to the 
direction of the moving force, the aft ion by 
which the iirft weight refifts the motion of tte 

feconj* 
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fccond, or draws it back, is therefore oblique \q^ 
the direftionof the moving force, and that confe* 
quently according to the theory of compound oioti- 
ons, we muft conceive this adion of the firft weighc 
with regard to the moving force, as compofed of a 
others, the one perpendicular to the dire£tioii of j 
the force, the other parallel, or rather being in 
the fame line with die direction of the prolonged 
^ force. This compound motion is the key of chi^ 
whole matter. Seeing one of the two ftmpk ani- 
ons, in which the oblique aft ion of the firft 
weight with regard to the fccond is refolved or 
decompounded, is only the prolonged direftion 
of the moving force, the firft weight draws di- 
reftly this way agalnft the force, and conlequently 
the force cannot move the fccond weight, with- 
out its being greater than the firft. In this cafe^ 
M. Parent retrenches from the direftion of the 
force a part equal to the aftion of the firft weight* 
or, which is the fame thing, to its friAion, and 
there remains a line, which reprefcnts the whole 
effort that the moving force can make according 
to its direction on the fccond weight. But the 
firft had alfo a fimple aftion^ or that which is 
perpendicular to the direftion of the force. Now 
by this aftion, it is not at all oppofed to the mo* 
tion which ihe force tends to imprels on the fc- 
cond weight, for it might tliis way make the ft* 
cond move, without difplacing the firft, that is, 
the fecond would turn about die firft, as about 
an immoveable centre, and confequently jhcre 
would not be any fridion of the firft weight to 
furmount. The line therefore, which reprefents 
this fingle aft ion of the firft weight* remains en- 
tire; and lalily the diagonal of a parallelogram 
formed of this line, and of that which remains of 
the dircftion of the force, will reprefcnt the 

whole 
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whole aftion of the force on the fecond weight, 
modified by the refiftance of the firft, or^ which is 
the iame thing, the courfe which the fecond 
weight mull follow. As for the firft, as jt does 
not draw any other weight after it, and as its mo* 
tion is not modified by the refiftance of any o- 
ther, the direftion of its motion, or the courfe 
which it takes, is the fame line with the cord 
which bmds it with the fecond weight. 

The moving force therefore makes the two 
weights move according to two^ different direc- 
tions ; the firft, according to the cord which binds 
it to the fecond ; the fecond, according to the 
diagonal which we have explained, and confc- 
quently this force may be rcprefented by thefc 
two difierent lines, and conceived as equal to their 
fum, with regard to the other aftions or refi* 
ftances reprefented by other lines. 

The force and the two weights continuing the 
lame, if the dineftion of the force is fuppofed 
more oblique to^the cord of the two weights, the 
fingle a6lion or refiftance by which the firft weight 
draws the fecond back direSly againft the force, 
becomes the greater, and it may become fo to- 
fuch a point, that the force will be no longer 
capable of moving the fecond weight this way, 
bat only of making it turn about the firft, which 
will be immoveable. The equiliMum therefore 
here, as ufual, depends on the grcatnefs and di- 
reftion of the weights or forces. 

If the force was not great enough to overcome 
the friftion of the fecond weight, it could never 
move the firft, which cannot abfolutely proceed 
without the fecond. 

Now, if inftead of two weights, we fuppofe 
dirce bound by cords^ which make angles between 
theipfelves, we muft make upon the the third and 

VoL.ILN^i4. G fecond 
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fecond the fame reafonings, which M, Parmi 
has made upon the fecond and firft. The feoond 
will draw back the third in a contrary way ta 
that of which the force will draw it ; and becaufe 
the direcEtion of the fecond is fuppofed oblique to 
that by which the force draws the thirdt this 
third will defcribe a diagonal, which will be 
found as that of the fecond was, when there were 
but two. But it muft be obferved, that in thi^ 
cafe^ where there are three, the courfe or diago- 
nal of the fecond is no longer the fame that it was^ 
and the reafon of it is, that the force draws it 
no longer according to the fame direction as 
before, fince we fuppofe it draws it by an ob- 
lique diredion to the cord which binds the fecond 
and third- Now it is vifible, that the dire£tion^ 
by which the fecond weight is drawn, cannot 
change without its courfe changing. This altera- 
tion of the courfe of the fecond weight, when 
there are three, has efcaped a geometrician of the 
firft rank, who has examined the lame cafe, and 
M. Parenl thinks himfelf the firft, who per- 
ceived this flight inadvertency. 

The cafe oi the three weights being well under- 
flood, a greater number of weights does but ren* h 
der the application of the principles a little mor^ 
complicated and difficult. The courfe of the bo- 
dies being found, the value of the force which 
makes them defcribe thefe courfes, is foon found j 
it is nothing but a calculation, which we leave 
10 the algebraifts, and it is fuificient for us lo have 
given the foul of it. 
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RoVAL Academy of Sciences at Parh^ 
for the year 1703. 

I. Obferoatiom on the quantity of rain that 
fett at Paris at the royal obfervatory^ on 
the thermometer^ and on the barometer^ 
during the year 1702, by M. dc la Hire *. 

TH E year 1 702 has been looked upon as 
one of the moft extraordinary that have 
been for a IcMig time, for the drought of the 
ipring and fummer. Yet it has been one of the 
moft fruitful in grain, excepting the fbmmer 
com, which may be afcribed to the natural cool- 
nefe and moifture of the lands of this country. It 
is alfo obferved j that when the end of fpring and 
beginning of fummer are rainy, the weeds grow 
very much, and turn up the corn ; and befides 
in moift feafons there often come fogs, which 
Ipoil the grain when it is beginning to form. 

The quantity of water which fell in rain, or 
in fnow, was in the months of 

Lines. Lines 

Jan. 18 A July 19 

Feb. 18 Aug. 35 :J: 

Mar. 9 I Sept. 11 \ 

Apr. 17 i Oftob. 15 i 

May 5 A Nov. 18 

June 9 Dec. 18 

• Jan. 10, 1703. G a And 
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And fo during the wl^Ie year the fum was 
196 lines, or 16 inches f, which is much lefs 
than in the common years, which give 19 inches 
of water. But it mud be obfcrved, that very 
often the 3 months of Juniy July^ and Aug, fur- 
niih as much as all the reft of the year, which 
did not happen this year, fince thefe months 
were not different from the reft. And the' the 
water, which talls^ in thefe 3 months, is in great 
abyndance, which comes only from fome ftorms 
that go over quickly, it contributes but litde to 
the nourifliment of plants, as it is fuddenly 
raifed in vapours by the great heat of the earth 
and air, or runs off into the ponds and brooks, 
without penetrating far into the earth. 

My thermometer is always fituated in an un- 
covered place, where neitjicr the fun nor wind 
can affeft it, and is filled with fpirit of wine co- 
loured, and is fcaled hermetically. 

It was at the loweft this year at 14 degrees f 
Jan, I. which was a fign of very great cold 1 but 
from the 6th it rofe to 43 degrees, and it kept 
up all the reft of that month, and even at the 
beginning of February to about 40 degrees, fome- 
times a little more, and fometimes a litde lefs \ 
the* the cold is ufualiy greater at the beginning 
oi Fib, On Bic, 25. it was at 44 degrees ^^ 
which is within about 2 degrees as high as it was 
in the beginning of June, On Dec, 17. it was 
the loweft fince the beginning of winter at 30^. 

June I g^ it was at 60 degrees!, 7^b "^9^ ^ 
61, ^ndJug,6^ at 62, which is the higheft it 
came toj but $€pi* 2, it was again at 61 f. 
Whence we know in general, that during the 
months of June^ J^b^ -^^^g- =ind the beginning 
of Sepl^ there were very great heats. The great- 
cft height of the liquor of the thermometer was 
* aboyc 
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about 2 in the afternoon at 71 degrees i. Aug. 5^ 
There fell no fnow, or but very little, either at 
the beginning or end of this year. 

The quickfilver rofe in the tube of my barome- 
ter to 28 inches, 2 lines 7, Feb. 11. The wind 
was then S. as it was for fome days before and 
after, tho* the barometer always kept to about 
128 inches, which does not agree with what we 
ufually obferve of the height of the quickfilver 
in the barometer and of the wind. It was at the 
loweft: 26 inches, 5 lines Dec. 20. with a mode- 
rate S. wind, which is very extraordinary ; for 
this great falling of the quickfilver feemed to in- 
dicate fome great ftorm. The difference there- 
fore between the higheft and the loweft, was i 
inch, 9 lines f , much more than ufual. 

M. Amontons having propofed this year to the 
academy a thermometer, Wkt thdX of SanSorius^ 
which is not fealed, and having the degrees of heat 
marked by the elevation of the quickfilver in a 
tube, inftead of aqua fort is that had been ufcd in 
engraving, which SanSlorius employed, the heat 
and cold of the exterior air afting on that of the 
phial of the thermometer, and having obferved 
that the boiling water, in which he had plunged 
this phial, could caufe but a certain dilatation of 
the air inclofed therein, let the fire be ever fo 
much augmented to make the water boil, he 
judged to be a mean of having a term known 
thro* all the world, to which the different degrees 
of dilatation or heat of the air might be referred ; 
and having given me one of thefe thermometers, 
filled after the manner explained by him to the 
academy, I expofed it to the ftrong fummer fun 
behind a glafs, about noon, in a place clofe fliuc 
up, and I obferved that the quickfilver rofe in it 
at the higheft to 3 1 inches, 5 lines, about 2 in 
i the 
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the afternoon. Jug. 5. The quicklilvcr of my 
barometer was then at 27 inches, 10 lines |* 

The declination of ihe needle was Sepi. 22^ 
lyoz^ 8^ 48' towards the W. It was obferved 
in the fame place, as in th^ preceding years^ and 
with the fame needle, 8 inches long, 

IL The thermometer reduced to a Jtxed 
and certain meafure^ and the means of 
referring to it the obfervations made with 
the old thermometer^ by M, Amontons * ^ 
tranflated by Mr, Chambers, 

We are all agreed, that heat is the general 
caufe of all the efFeds, and all the produftions 
upon our earth j and that without this, the whole 

f would be a fixed motionlefs mafs. Hear, there- 
fore, being as it were the foul of nature, 'tis of 

I the utmoft importance to philofophers^ to be able 
to meafure it with exatflnefs ; fo that the inftru- 
ments which ferve to determine the feveral degrees 

I thereof, cannot fail of being cultivated in a Ici- 
cnce, whofe whole objefl: is the knowledge of fuch 

\ cffeds and produftions. 

But as this knowledge is not the work of a day, 
but rather of many ages ; and as there is no ar- 
riving at it, but by a long ferics of obfcrvations, 
the application whereof frequently cannot be 
found till long after they have been made j one 
of our chief cares Ihould be to preferve and 
tranfmit them to pofterity, who may reap the 
fmit of their fathers pains i thus, for inftance, 
it is, that by the length of the pendulum, which 
vibrates feconds, we have already afcertain*d all 
fuch as depend upon meafurei and thus by the 
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ifuilibrium^ which we have found means to make 
between the atraofphere and other fluids^ whofe 
weight is known, we may perhaps be able to af- 
certain all fuch as depend on the air wherein we 
livc^ which, according to many, contains the 
firft principal of life, and which therefore can- 
not be too much cultivated. 

San£ierius^ in his commentary on Avkenna^ 
has left us feveral methods, whereby he appre- 
hends this might be attain'd ; but the thermome* 
ser he gives us, ading at leafl as much by the 
weight or lightnefi of the air, as by its heat 
or cold, the common fpirit of wine thermome- 
ters are juftly preferred thereto ; and for the like 
reafon, the thermometer lately invented by me^ is 
preferable to thofe ochers \ I may add, that being 
free from all the defefts of the former thermo* 
meters, there would be nothing further to bede- 
fir'd on this head, were it but eafily portable,, 
and no neceffity in ufing \l to rectify it by the 
weight of the air. 

But as the utmoft care is to be taken, not to 
invert it, which would intirely difcompofe it ; and 
as in every time of obfervation, regard muft be 
had to the greater or lefs weight of the atmo- 
fphere, in order to allow for what it exceeds or 
comes fliort of 28 inches ; it will not fuit all 
kinds of perfons* Upon the whole, its chief ufe 
for perpetuating to future ages the obferva* 
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tions made by our thermometers, and to ferve as 
a ftandard, whereby to regulate all thermometers 
which have the fame fcale. The manner uf efi'eft- 
ing which, we proceed now to Hiew. 
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} regulate afpirU of wine thermometer by an air 
ibermometer. 

* As to the figure of rhe glafs, and the li- 
' quor contiined in itj the new fpirit thermometer 
does not differ from the common ones, excepting 
its magnitude and fcale, which is exaftly equal 
to the IcaJe of an air therniometer^ when recti- 
fied bjr the weight of the air \ its graduation is by 
inches and lines, of which there are two order^ 
one afcending, the other defcending. 

The afcending fcale (hews the degree of heat^ 
that is, the quantity of inches and lines height 
of mercury, which the heat enables the fpring 
of the air to fuftain ; from whence it follows, 
that the extreme degree of cold in this thermo- 
meter, would be that which fhould reduce the air, 
not to fuftain any weight of mercury by its fpring, 
which muft be a degree of cold much more intenfe^ 
than what we commonly call extreme cold, (ince 
by experiment it appears, that if the heat of boil- 
ing water enables the fpring of the air to fuftain a 
weight equal to that of 73 inches of mercury, the 
degree of heat which remains in the air, when 
water freezes, is fufficient to enable ir to fuftain 
"51 inches I, which deferves particular notice. 

The graduation which defc^nds, fhews the de- 
grees of cold below the heat of boiling water, 
that is, the number of inches and lines, whereby 
the diminution of heat, below thut of boiling 
water, enables the air to fuft.iin lefs mercury. 

Now thefe degrees of heat and cold^ indicated 
at the fame tifncj by the new thcrmomecer, are air- 
ways the complements of each other to 73, which 
fhews, that when one is known, the other is like- 
wife known, the whole as reprefentcd by the adjoin- 

» Plate I. fig. 2, 
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ing figures, which (hew wherein the graduation 
of the new thermometer differs from that of the 
Did one. 

By this new thermometer we have found, that 
thegreateft and Icaft degree of heat, experienced 
at Parisy are nearly to each other, as 6 to 5 j 
to that between the greateft heat of fummer, and 
th6 fevered cold of winter^ the difference is only 
aboiic a 6th part. Hence, as in our winter^s 
cold, a great part of the fluid bodies lofe their 
fluidity^ "tis highly probable, that in an abfo* 
lute cold, wherein there were no remains of 
heat^ no fluid body would be excepted from 
congelation^ which feems to prove^ that folidity 
is the natural ftate of all bodies. 

Tho^ the thermometers which now obtai^i^ 
Wiir at bed only ferve to make a grofs com- 
pariibn of the degrees of heat, without meafur* 
mg them> yet, as multitudes of obfervations have 
been made therewith, that pofl:erity may not be 
altogether deprived of the benefit of them, we 
fliall fubjoin a method of reftifying them, by 
comparing the thermometers ufed with that here 
defcribed. 

To reUffy ohfervations mdde mth the old tbermo^ 
meters by the new cne. 

Place a new thermometer for fome days, afide 
that which has been ufed in making obfervations, 
and after an hour or two, note at what degrees 
both of them fl:and ; in a few days you will find 
them confiderably altered; note their degrees as 
before, then divide the whole fpace, which the old 
thermometer has moved, into as many parts, 
as the fpace moved by the new one contains 
Hnes, and by thefe pans make a new gradua- 
tion afide of the old one, diftinguifliing them 

VoL.ILN^i4. H by 
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by 12 and 12, in the fame order, and marked 
by the fame figures as in the new thermometers, 
with which they will perfectly agree, excepting 
that they will be greater or lefs, as thofe thermo^* 
meters are more or lefs fenfible. 

To diftinguifli thefe divifions from the reflv 
they may be called reduced lines, 12 whereof wilt 
make the reduced inch, fo that the two thermo* 
meters will at the fame time point out the famd' 
inches and lines, that is, the fame degrees of heat 
and cold; this done, it will be eafy to reduce 
the degrees of any former obfervations, into de- 
grees of heat or cold, whofe efFefl: is better 
known, 

Suppofc, for inftance, it were required to know 
what the degree of heat was, when the old 
thermometers flood at the 50th divifion of their 
fcale ? after making a new fcale, as already di-^ 
refted, we fliall find that the place, cofrefpond- 
ing to fuch 50th divifion, will be at 54 inches 
on the afcending, and 19 on the defcending fcale^ 
which fhews, that the degree of heat, whicli' 
raifed the old thermometer to the 50th divi- 
fion, is the fame which enables the air, in the' 
'ball of the new thermometer, to fuftain 54 
inches of mercury, and that this degree is about 
^ of that of boiling water. 

III. Remarks on rain nscater^ a?id on the. 
origin of fprings ; with fome particular 
rities concerning the conJiruStion of ci^ 
jierns^ by M. de la Hire *. 

All that concerns water, both for the necefTities- 
of life, and the ornament of palaces and gardens, 
• April 18, 1 703. 
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has always been regarded as one of the principal 
forts of knowledge, neceflary for men. The 
greateft care has been taken to render the very 
foialleft rivers capable of carrying great boats, and 
by this means to join very diftant feas together. 
Very plentiful fprings have been brought by long 
turnings, and upon very elevated aquedufts, even 
to places where nature had refufed to fupply any. 
In fliort, a great number of machines have been, 
invented, to raife water, and to carry it even to 
the tQp of mountains, to diftribute it afterwards 
under a thoufand different figures, with fuperna- 
tqral motions, and to make a fight of it, worthy 
of admiration. This was enough for people in 
general, but the curiofity of thofe, who inquire 
into the fecrets of nature, was not enough fa- 
tisfied 5 they wanted to know the origin of thefe 
fo abundant fources of water, which are found 
all oyer the earth, and even upon very high 
rocks, and this is what has fo much exercifed the 
ancient and modern philofophers. 
' We find two principal opinions concerning the 
origin of fprings, each of which is founded upon 
experiments, which feem indubitable ; for it is 
evident, that feveral fprings have for their prin- 
ciple the rain water, and fnow melted upon the 
mountains ; but how can thefe rains and thefe 
fnows, which are very rare upon fteep and high 
rocks, and in very hot countries, furnifli the very 
plentiful and lafting iprings, which we fee in fe-. 
veral places, 

The reft of ibis paper is tranjlated by Mr, 

Chambers. 

But the great pbjeftion is, that we have fprin^ 

even upon high and fteep rocks, and in the hotteffc 

countries, where little rain or fnow is known 

Hz to 
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to fa!L Others, therefore, chufe to have recourfa 
to certain fubterraneous cavities in form of a!em* 
bicks wherein the vapours, liTuing from the fub- 
jacent fca- water, and rifing thro* the clefts and 
crannies of rocks, arc condensed by the cold of] 
the lurface of the earth* 

M. MancUe^ to fupport the former, made aa 
exaft eftimate of the quantity of rain and fnow^ 
which falls on the trad of land that furnifiiei 
the water of the river SeinCy and found, thai 
much more fell than was necefliry to maintain 
the river at a moderate height, during the courfe 
of a year. 

Upon reading the treat ife of Dr. Plott^ Ds 
Origins fQutrnm^ printed 1685, I was Jed to make* 
a like examination myfclf of the quantity of wa-: 
ter, which the rain and fnow may furniih toward 
the formation and maintenance of fprings and tu, 
vers \ and I began with enquiring, what quantity' 
of rain-water falls on the ground in the compa% 
of a yearj the refult w|iereof I have yearly 
communicated in the memoirs of the academy* 
by which it appears that the depth of water* 
which falls at the royal obfervatory, communi' 
hus annis, amounts to between 19 and 20 inches^ 
which agrees pretty nearly with what M. Ma^ 
rio£te had found. 

But being in doubt, whether this whole quan- 
tity of water might be fuppofed to go to the for- 
mation of fprings, I made the following expe- 
riments to fatisfy myfelf hereof chufing a 

place in the lower terras of the obfcn^atory, I 
planted a leaden bafon therein dghc feet, under 
ground, the bafon was four feet in fyrface,and fix 
inches deep, being a little inclin'd towards one of 
jts angles, to which I had folder *d a leaden pipe 
1% teet Jong, one end whereof^ after a confide- 

rabk 
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table delcent, came into a cellar , the bafon was 
contrived at a diftance from the cellar- wall, that 
it might be furrounded with a greater quantity 
of earth, and might not be kept dry by the prox- 
imity of the wall i clofc by the orifice of the pipe 
in the bafon I put feveral flints of different fizes> 
to prevent the orifice from being ftopp'd, when 
the earth fhould be thrown over it to the depth 
of eight feet. The foil is of a micidle natufe^ 
between fand and loam, fa that the water might 
eafily penetrate it, and its upper furface is quite 
level 

Now I apprehended, that if the rain and fnow 
water penetrate the earth, till they meet a clay or 
compaft earth to flop them, the bafcMi muft here 
have the fame effed, fo that I might expeft to 
have a fpring of water burfting into the cellar- 
But having no great opinion chat this would 
liicceed, I placed another bafon at the fame time, 
only eight inches under ground, the furface of 
which laft was 64 inches, and its fide or rim 
eight inches high i for this purpofe I had chofe a 
place fcreen'd both from wind and fun, afid took 
care to pull up all the grafs and other herbs which 
grew over the bafon, that all the water, which 
fliould fall on the ground, might pafs uninter^ 
rupted to the bottom of the bafon, wherein 
was a little hole, with a tube to convey the water 
into another vcifcL 

The effeft was, that in all the fpace from the 
izihofjune to the igih oS Fek, following, no 
water came by the tube from the bafon ; and tho* 
it began to run now, this was intirely owing to 
the great quantity of fnow which had fallen, 
and was now melting. From that time the eanh 
in the bafon was always very moift, tho' the wa- 
ter woyld only run a few hoyri afer r^iiiing, and 
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it ccafed running, when the quantity fallen was 
drained off ; for fome always remained in the 
earth, and would not go off, unlefs fome new 
rain chanced to fall, 

A year after, I repeated the fame experiment, 
bm only buried the bafon i6 inches under ground, 
which was double its former depth. I took care 
likewifej that there were no grafs on the ground, 
and that it might be fcreened from the fun and 
wind J which would dry it too faft. The effed: 
was much the fame as in the former, excepting 
only that when a confiderable time pai&d with- 
out raining, the earth would grow a little dry j 
fo that a moderate rain coming on, it would not 
inoiften it fufficiently to make it ran- 

Laftly, I planted herbs on the ground over the 
bafon, but found, that when thefe were grown 
up a little, the ground was fo far from fending 
me any water after rain, that all that fell was not 
fufficient to fuftain them, but they would droop 
and wither, unlefs fprinkled from time to time 
with water. 

Upon this, I bethought myfelf to meafure the 
quantity evaporated thro* the leaves of plants, 
whenexpofed to the fun and wind, and accord- 
ingly on the 30th of June^ at | an hour paft 5 
in the morning, I put a pound of water, weighed 
very exaftly, in a glafs phial, with a narrow 
neck, and gathering 2 leaves of a fig-tree, of a 
moderate fize, which together weighed 5 drachms, 
48 grains, I im merged the ends of their foot 
ftalks in the phial of water, Thefe leaves when 
■athered, were very frefii and firm ; but after ex- 
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pofmg them with the phial to the fun, which was 
very hot, and in a place where there was but lit- 
tle wind, and ftopping the neck of the phial left 
vacant by the foot-ftalks very exactly with pa- 
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per, that no water might evaporate this way, X 
weighed the whole again at 1 1 the fame morn- 
ing, and found, that there had been a conlump^ 
tion of 2 drachms, which the fun and air J^ 
drawn away from the moifture of the leaves, and 
which can only be repaired, when the leaf is 
growing to its tree, by the moifture of the earth 
conveyed to it thro* the roots. 

I alfojmade feveral other experiments upoa 
plants, and always found a great diminution of 
dicir moifture ; in effedt, having meafured the 
fuf&ce of fome leaves, and confidered the quan*- 
tity oF them, which ufually covered the ground, 
I apprehended, that the rain was by no means 
fufficientj efpecially in fpring, to fupport them, 
without fome foreign afliftance. 'Tis true, the 
air and dew of the night fupply the larger trees, 
and even plants, with a great ftock of moifture, 
t/hich we commonly find on the leaves about the 
fun-rife, and which defcended into the roots, 
may help to fupport them part of the day ; but 
this moifture alone would by no means fufEce, 
were they not to borrow a great quantity from 
the earth, and the rain which pierces the fame, as 
may appear from the following experiments. 

What has been faid abundantly Ihews, that the 
rain which falls on the ground where there is 
grals, or other plants, cannot penetrate it 2 feet 
deep, excepting, perhaps, in gravelly or ftony 
places, where it may fink with more eafe. Of 
this, we have an inftance in the rock of St. Baulm 
in Provence^ where the rain falling on this rock, 
which is all cleft and chinky, as well as void of 
grals and other plants, penetrates in a few hours 
time into a grotto, 67 fathom below the furface of 
the rock, and fornxs a beautiful ciftern. Hence, 
on fuch rock^ and in large folutions of Ihow ia^ 

furat- 
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&mtncr, we frequently find certain fprings ov^er- 
flow at a great rate, during certain hours of the 
day, and this even feveral times in a day, in cafe 
the fun only fliine on the fnow in certain different 
pares of the day, the points of the rocks, (^cj 
Keeping it in the fhade all the reft. This we take > 
to be the reafon of thofe fprings in the middle of 
the land, which have an ebbing and flowing like' 
the fea, 

Thefc experiments convinced me, that I was noC 
to expcft the rain or fnow water to pafs thro' 8 
feet of ground into the firft bafon, which I had 
lodged for that purpofe j accordingly in the 15 
years that it continued there, it never yielded a 
fmgle drop. 

Whence it appears, that *tts but few fpringa 
can owe their origin to rain and fnow i fo that 
we muft of neceflity have recourfe to other caufes^, 
in order to account for the formation of fuch 
plenteous and perenneal fprings, as we frequently 
find in high places, and at a very fmall deptli under 
ground. For inftance, that of Rungis near Paris^ 
which, however, is equally inexplicable, from 
the fuppofition of thofe fubterraneousalembicks* 
or grottos, which ferve to coUeft and condenfe 
thevapoursof the lea water 1 for there are no rocks 
in the country all round, as I have learnt b) fe- . 
veral wells, which I have ordered to be dug, 
and that the ground is but litde raifed, and the 
water very near the furface. This fpringftippiies 
50 inches of water in a condnual ftream, without 
any fenfible change or interrupdon, and yet the 
whole fpace of ground which it can a rife from, 
would not afford fo much water, were all the rain 
that falls on it coUefted and none fpent any other 
way \ whereas the ground is all tilled, and co- 
vcred either with grafs or corn j add, that in 
2 Ibme 
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ibme vallics near this place, they arc forced to dig 
very deep ere they come at water. Others havc 
endeavoured to account for thefe fprings, by fup* 
pofing certain natural canals to convey water from 
ibme high river, and which palling over high 
and low places, and even perhaps under rivers 
which come a-crofs them, are fo clofe and well 
lined, as not to let their water efcape by the way, 
but bring it into the place where it burfts out of 
the ground : but admitting the realiry of fuch 
fubrerraneous canals, I am fatisfied, they could 
only have a defcent neceffary to make the water 
flow upon a clay bottom j but to fuppofe natural 
tubes high and low ftill correfponding, is as much 

I m art can compifs in a little garden. 

Yet one further objeftion lies againft this hy- 

' pothefis ; for if thefe high fprings anle from ri- 
vers, thofc rivers muft derive their water from 
other fprings ftill higher j for thofe formed by 

1 rains and melted fnow in places where the bottom 
is firm, can only form brooks or torrents, which 

I will be of ftiort conrinuance, and by no means 

[able to fupply the continual flux of fuch rivers* 
The large coUeflions of water, as ponds frequent- 
ly found at the head of fmall rivers, prove nothing 
as to the origin of rivers ; fincc, by feveral ex- 

Iperiments we have found, that more water ex- 
hales from a wide velTel, than can fall into it by 

I rain. 

There only remains one method of accounting 

! for the origin of thefe fprings j and this too h 

liable to fome difficulties. — We are to fup* 

pofe then a great quantity of vapours, to paft 

I thro* the earth, being raifed from funds of water 
tifually found therein, about the level of the fea, 
or the neareft rivers ', that thefe waters pafs the 
.more freely, as they meet with a foil caficr to be 
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penetrated i fomething of which we find apo«j 
opening deep pits in the winter* Now the par-rfj 
tides of fuch vapours may be united again and] 
condenfed into water, either by the coldnefs of th?] 
furface of the earth, as they approach thereto^J 
or by meeting with a foil already foaked with 
water, or by fome other matrer which m:iy b«1 
difpofcd to fix ihem, as we find that falts expofed] 
in the air catch, and retain the wstery particleij 
floating therein. Upon this tlie water growing] 
ftill in quantity, and coming at length to meet 
with a bottom firm enough to fuftLiin it, glide 
along the fame, till at length it either breaks ou 
on the furface of the earth, where its firm bot^i 
torn happens to terminate, or finks lower intal 
the ground, in cafe it meets with apertures in J 

the clay bottom, This feems to nne the mof|] 

probable account i and yet in this we are to con*l 
Ceive, that the vapours have particular canalg*! 
whereby they pafs, and which are fo clofe^ thai 
the water formed of them cannot efcape througll] 
the fame. 

Being defirous to know by experiment, whal 
might be expefttd from the manner of conden-*] 
fing the vapours by their Irafttning upon ftones,! 
repleniftied with fahs, 1 put a glafs veffd in one] 
of the cellars, at the bottom of the quarry of 
the obfervatory, and on the edge of the vefltfi] 
faftened a piece of linnen, which I had dipped in" 
water, wherein fait of rartar had been diflblved. 
This fak I chofe, as apprehending it more dil- h 
pofed to fix the vapours than any ocher ■, addB 
that the place appeared very moift, efpecially in 
fummcr. Some time ^fcer, 1 fi.und the bottom™ 
of the vefiel filled with a liquor, which wai| 
only the water produced by the vapours in the 
air, which gathering upon the Bunen^ till it was 
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jfemrated therewith, the furplus had trickled down 
along the fides of the veffcl. This experiment 
J woujd have carried further, to fee whether the 
liquor would have continued running, and whe- 
ther the fak in the lionen were carri^ off by the 
.water ; tho* 'tis pofTible, that (lones, containing 
&lt% fit to fix the vapours, might ftill preferve 
their fait, and even acquire new: but, in my 
.abfence, feme, people coming into the cellar, 
broke the veffcl, and put an end to the experi- 
ment. 

I ihall not here infift on fome extraordinary 
kind^ of fprings, Found by the brink of the fea, 
and upon high rocks, which ebb and flow like 
the fea itfelf, and yet afford frefti water. This I 
have elfewhere accounted for mechanically, by fup- 
pofing fubterraneous rcfervoirs, a litde above the 
level of the fea, and that the cavity wherein they 
are placed, communicates with the fea by certain 

canals. For it muft follow, that when jthe fea 

rifes, it will comprcfs the air in thefe cavities, 
which, preffing upon the water in the refervoir, 
will oblige it to iffue, and even arife thro* certain 
clefts or paffages of the rocks, till it arrive at the 
furfaceof the earth, where it will form a fpring, 
which muft gradually diminifh, as the fea ebbs 
or retires; that is, as the air, before compreffed, 
. returns to its natural ftate. 

Thus much lor the origin of fountains : I fliall 
now proceed to fome obfervatioris, which I have 
made on this occafion, as to the advantages which 
may be drawn from rain water. — The moft con- 
fiderable i5, that of colledling it in fubterraneous 
•refcrvoirs, called cifterns ; where, after it has 
been purified by paffing thro' river fand, it will 
'keep many years without fpoiling. This water 
-isufually the beft that can be ufed, either for 

I 2 drinking, 
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drinking, or for the other oeconomical purpofcs, 
as waiting, bleaching, dying, t^c. byreafonit 
js not mixed with any fak of the earth, as ajl 
fpring warere generally are, fuchcifterns wiJll 
of great advantage in places where there is nc 
fpring water, or even where all the well water 
are naught- I need not here enter upon the con* 
ilmftion of fuch cifterns, nor the choice of thej 
materials to be ufed therein, fince all that is 
quired is lo have a place which will hold waterJ 
and that the ftones and the mortar they are joined] 
widi, may not communicate any virions qualir^J 
to the water, which is to continue there a con^ 
fiderable time. 

Thofe who have fuch cifterns, and are curious 
of their water, take care not to let any water of j 
melted fnow, or even of ftormy rains, enter the^ 
ciftern- The former, I think, they have fome 
reafon to exclude, not on account of any laJts, 
which ihey imagine mixed with the particles of 
fnow, but only becaufe fuch fnows ufually lie 
leveral days, and fometimes whole months on the 
roofs of houfes, where they are fpoiled and cor- 
rupted by the dung of birds and other animals, as 
well as by their long continuance upon tiles and 
flates, which are always very dirty ; for this rca^ 
fon, when it begins to rain, I would have the 
firft water which falls from the roof, be thrown 
away as naught, having only ferved to wafh the 
roof, which is always covered with duft, raifed 
from the mire dried in the ftreets and roads, and 
only admit that which comes alttrwards into the 
ciftem. fl 

The following obfervation relating to the water " 
which is to be excluded from cifterns, I fell 
upon accidentally, having been engaged for fbmc 
years ill coUefting the water which falls at the ob- 

fervatory, 



» 
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fervatory, by means of an iron bafon tinn*d 
over as already defcribcd in another paper ; I 
ufed to wafh the bafon as well as the veJTcl^ 
into which it conveys ics water, as quickly as 
polTible, at the beginning of any rain, which 
promifed to be confiderable, and put up the wa- 
ter as it came into clean glafs bottles, to preferve 
it % but being defirous at length to tafte this wa- 
ter, I was furprifed to find it very ill favoured, 
and that it had a caft of fmoke, which to mc 
appeared very extraordinary* as I had often tafted 
other wMQT gather'd in the fame way, which had 
nothing of this tafte, nor could I fee any thing 
diat might give it this fmoaky tafte; the place 
where it was coUeftcd being very open and hlgh^ 
and no chimney near it *, but conCdering at length 
that this water fell with a north wind, which is 
nor very common, that being a wind when it 
rarely rains, and that the whole city lies to the 
north of the obfervatory, the fmoke of the 
chimnies might ealily have mixed with the rain» 
and thus become collefted along with k, which 
would naturally give it the tafte abovemendoned ; 
but of this I was further aflured fometime after, 
for gathering fome rain-water which fell with a 
fouth or fouth-weft wind, on which quarter there- 
is nothing but open fields, I found no figns in it 
cither of the fmoaky tafte or fmel]> from whence 
it follows, that all thofe rains are aUb to be kept 
out of the ciftern, which are brought by winds 
which pafs over places infcAed with any ill 
fmetl, as finks lay-ftalls, large cities, &c. for 
that a little water, impregnated with any noi- 
fome vapours and exhalations, coming to mix 
in the ciftern, will corrupt all the reft. 

In efftft, it being evident from all cxperi- 
mentSj that rain water purified in river fand, of 
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ftU its mud and earthy fmeU, is both the m<A 
wholefome and u&ful of all others; I have 
thought of the moft convenient method of pro« 
paring cifterns, to furnifh every houfe with t 

jiifficient quantity of water in order to this, i( 

k firft obfervable, that a common houfe about 
40 fathoms in furface, if properly roofed ovcft 
will gather every year about 2160 cubic feet of 
water, reckoning only 18 inches per annum^ 
which is the leaft I have known fall. Now 
thefe 2 1 60 cubic feet, will be equivalent to 75600 
J)irits of water, at the rate of 35 pints to a foor> 
Vhich is thejuft proportion for the Paris pint; 
dividing therefore this number of pints by the 
365 days of the year, we (hall have 20opints( 
a day 5 fo that fuppofing 25 perfons to live in the 
houfe abovementioned, there will be eight pints 
of water per day for each, which is more than 
fufficient for all the ufes of life. 
• It remains only to give feme inftruftions, re- 
lating to the place and manner of building fuch 
cifterns in private houfes: in feveral towns of 
Flanders^ near the fea-coaft, where the well-wa- 
ters are all brackifli and bitter, by reafon the 
foil is only a light fand, which the fea-water 
can pafs thro' without being purified and fweet- 
ened; every houfe has its feveral cifterns, but 
thefe cifterns are under ground, and are only 
a fort of cellars, where they imagine water will 
keep better than in the open air ; and in efteft, 
thus much is true, that water, efpecially that 
of rain, will not keep in the air, by reafon of 
the mud it abounds with, which it has not 
wholly depofited and left behind it in paffing 
thro* the fand, fo that it will corrupt, and jx 
greenifh kind of mofs grow over its furface; 
tor this reafon I would recommend a place to 

be 
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be contrived in every houfe, about fix feet 
;ibove the level of the re£t» eight or ip fcp: 
high, and only a 40th or 50th part of the furfaoe 
of the earth, which in our inftance would amount 
to about a fathom. This place being built round 
with thick walls, a leaden ciftern fliould b^ lod- 
ged in it, into which all the rain water fhould i)e 
€onvey*d after paffing thro* a proper quan- 
tity of fand ; a very fmalldoor would 
fuffige for it, which being very, thick withal, 
and matted over, would hinder the Jfroft frtim 
reaching the water ; and from fudi a conduijf 
might the water be eafily diftributed. into thi 
kitchens, 6?r. This water being wdll fcreenedj 
«rOald keep as well as if under ground ; and iti 
being a little elevated above the level of the 
gmund, would ferve for its commodious diftri* 
bution to all the lower parts of the houfe. 

I have lately examin*d the fcveral rain waters 
which I had formerly collefted, and kept in glafs 
bottles, and find, that tho' feme of them have 
a very ill tafte, which might be owing originally 
to the fmoke, or other circumftances above men- 
tioned ; yet others remained perfeftly good and 
pleafant, without any thing of that earthy tafte 
found in all rain waters. 1 fuppofe this is owing 
to their having fettled and depofited their n>ud, 
which we commonly find at the bottom of vef- 
fcis, where rain water has flood any time. 
• I fhall clofe with one further remark, which I 
made on fome fpring water, near Montmarte\ 
this is a clear and good water for drinking, 
yet if flefh and the common potherbs be boiled 
with it, the broth will be extremely bitter, which 
cannot be owing to the nature of the herbs of 
the place, fince if rain water be made ufe of, 
the broth will not have the leaft call, of bitternefs. 

IV. 
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IV, That the new es^erimmiM m ibe wagl 
and ebjikitf tyj the mr Jbew^ thai a mo- 
derate degree If beat^ ma^ redu€e the mf 
into a Jufficiently violent Jlate^ fa be tl 
Jbk cauie ^f very great earthquakes 
cammottms on the terrefirial ghbe^ by 
Amontons * i tranflated by Mr. Chaml 

This fiirprifing para^x is wholly founded oa 
this, that we know no bounds of the condoi^ 
lation of ihe air» any more than of its di 
tion-, and that this peculiar property it has 
being reducible by preffure, into bulks rccii 
procally proportional to the weights it ts com^ 
prefied withal^ may make ic iurpafe many tit 
the weight even of the heavitft bodies, and iti^ 
CTtafe the force of its fpring accordingly, in which' 
ftate it afts upon it with great violence i for tho* 
it has been affirm'd by Dr. Halley^ in the pbi- 
lofophical tonfaftions, that according to the ex- 
periments made in LondoHy and m the academy 
del Cimcnio^ no power is capable of reducing air 
into a bulk 8 go times kfs than what ir pofltflcs 
on the furface of the earth* As he does not re- 
late thofe experiments, «hich muft needs be very 
difficult to nakc with exaftnefs^ and wherein of 
CDniequence it will be eafy to be dcceivM ; and 
as on the contrary the experiments I have made^ 
convince me, that the fpring of the air, cofj0(t- 
ing only in the motion ot the fiery panicles 
among which it floats, and w herewith it is 
continually pervaded, it does not appear that 
we can expel them entirely by any (oxm what- 
ever, nor confequently reduce the air to an inca- 
• May 19, 1701, 

I pacify 
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{ttcity of further condenfation ; for *tis evident, 
while any matter remains between its particles, 
fi) fluid and moveable as we conceive the corpuf- 
dcs of fir« to be, nothing can hinder this con- 
denfation of the air from continually increafing 
ipore and more, provided the caufc which pro- 
duces it be increafed accordingly. 
. Be this as it will, as we owe a great deal of de- 
i^rence to the accuracy of the great men who 
have made theie experiments, we do not pre- 
tend intirely to difallow them, only it were to be 
triflied, that experiments of this importance were 
more known than they are ; in the mean time^ 
till we have an occafion of informing ourft*lves 
hereof, or of making experiments of the like te- 
nor ourfelves, we mall fuppofe any bounds of 
the air^s condenfation as well as dilatation un- 
known, nor make any fcruple for ft retching 
them as fat as we may have occafion for, with 
this reftrifbion, that our reafoning fhall be redu- 
ced to the terms of the experiment, whenever 
it appears certain and decifive. 

According to the experiment of M. de la Hire^ 
related in M. du Hamers hiftory of the academy 
for the year 1696, a column of air, 37 fathoms 
J feet high, over the furface of the earth, only 
weighs as much as 3 lines f ^^ mercury, when 
prefTed with the weight of the atmofphere, which 
was then %y inches 5 lines f ; but as this weight 
for divcrfe reafons docs not always remain ihe 
lame, but is ibmetimes leis and fometimes more, 
wc Ihall (uppofe, for the more eafy calculating, 
that a column of ai^, 36 fathoms high, preffed 
with 2S inches of mercury, weighs as much as 
3 lines thereof, which amounts nearly to the fame 
thing, tho* it comes nearer the truth, as will ap- 
pear hereafter. 

Vol. II. N^ 14. K Sup- 
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Suppofe then with M. de la Hire^ after the C3t^* 
peri men ts of M. MarioUe^ which we our (elves 
have verified, that quantities of air, equal iti 
weighty poflefs places, which arc reciprocallj 
proportional to the weights wherewith they ard 
prc'fied \ on this prmcipaf, the weight of the airj 
which would fill the whole fpace compreffed bj 
the terreftrial globc^ would be equal to a cylin- 
der of mercury » whofe bafe is equal to the fur-J 
face of the earth, and whofe height contains ad 
many times 3 lines, as ihjt fpace contains ort 
of equal weight with that of the 2^ fathoms^ 
wherein M. de la Hire made his experiment. Not; 
the number of thefe orbs may be fo great, tha^ 
the cylinder Jhall vaftly furpafs the magnitude 
the terreftrial globe, as may be eafily proved % fo 
taking for inttance the denfity of gold, which 
is known to be the heavieft of all bodies, and 
to be no lefs than 14630 times heavier than ail 
in our orb, it will be eafy to gather, that this 
air will be reduced to the fame denCry as gold^ 
by a column of mercury, containing 14630 time 
28 inches, that is, 409640 inches, fince in this' 
cafe, the bulks of air will be in the reciprocal ra- 
tio of the weights they are prefled withal, accord- 
ing to M. Mariati t^s experiments and our own ij 
and thefe 409640 inches will exprels the heigh 
of the barometer in the orb, where the air waj 
reduced to the fame denfity as gold, and the 
number 2 lines ^^>\%^t-oJ the thicknefs to which 
the ^6 fathoms of our orb would be reducedJ 
that is, fuch thicknefs of an orb in that part,^ 
would be as heavy as ours i fo that *tis evident al! 
the other lower orbs of air, of the lame thictej 
ncfs, would weigh confiderably more than i^B 
they were mercury ; now to learn the number 
of thefe orbs^ we ntcd only calt an eye over 
z thc^ 
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the foHowipg table, which contains reduftions of 
the thicknefs of feveral orbs of air, equal in 
weight with our own, by diflferent heights of 
mercury, which in thefe orbs would be thofe of 
the barometer, with their nunaber and the depth 
they are to be below ours. 

The orb on the furface of the earth, preffcd 
by 28 inches of mercury, being .36 fathoms 
thick. 

The 3 2d orb, 992 fathoms below the firft, being 
prefled by 36 inches of mercury, will only b« 
28 fathoms thick. 

.The 68th orb, 1899 fathoms below the firft, 
being prefled by 45 inches of mercury, would 
dnly De 22 fathoms, 2 feet, 4 inches, 9 lines, ^f 
tbidc. 

The 13 6th orb, 3213 fathoms deep, prefled 
by 62 inches of mercury, will only be 16 fa- 
thoms, I foot, 6 inches, 7 lines thick. 
» The- 272d orb, 5026 fathoms below the firft-, 
being prefled by 96 inches of mercury, would 
only.be 10 fathom 3 feet thick. 
- The 544th orb, 7312 fathoms >below the firft^ 
being prefled by 164 inches of mercury, would 
only be 6 fathom, 10 inches, 6 lines ,^4* 
• The I092d orb, 9850 fathoms below the firft, 
being prefled by 301 inches of mercury, would 
4)c 3 fathoms, 2 feet, i inch, i line j^f . 

The 2184th orb, 12580 fathoms below the 
firft, being prefled by 564 inches of mercury, 
would only be i fathom, 4 £bet, 6 inches, 5 
lines ^^^ 

The 4368th orb, 15492 fathoms below the 
firft, being prefled by 1 1 20 inches of mercu- 
ry, would only be 5 feet, 4 inches, 9 lines i^iVo 

K ? TIk: 
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The 8736th orb, 18404 fathoms below th* 
6rft, being preffed by 2212 inches of mercury, 
would orvly.be.2 feet, 8 inches, 9 lines |H» 
thick. 

X The 1 747 2d orb, 21 194 fathonxs below, the 
firft, which is that where cork would be fil- 
ftained, being prefled by 4396 inches of mer- 
cury, would only be 13 inches, 9 lines Jfff 
thick. 

: The 78960th orb, 28595 fathoms below the 
firft, which is that where oil would be fultsun'df 
being prefsM by 19768 inches of mercury, wouW 
only be 3 inches, 8 lines, lYr^'e thick. 

The 82208th orb, 28744 fathoms below the 
firft, which is that where wax would float, being 
prefled by 205S0 inches of mercury, would ofily 
be 3 inches, 6 lines 2V5V0 thick. 

The 841 1 2th orb, 28836 fathoms below tht 
firft, which is that where wine would be fuftain*dt 
being prd's'd by 21056 inches of mercury, would 
X)nly be 3 inches, '5 lines %^^% thick* 

The 86128th orb, 28929 fathoms below the 
Jfirft, which is that v/here water would be fuftain'd, 
.being prefled by 21560 inches of mercury, would 
only te.3 inches, 4 lines, a^Vd^o thick. 

The 124880th orb, 3O408 fathoms below the 
.firft, which is that where honey would be fuftain*d, 
being prefled by 31248 inches of mercury, would 
.only be 2 inches, 3 lines \\\\^ thick. 

The 638064th orb, 39910 fathoms below 
the firft, which is that where tin would be 
fuftain^d, being prefled by 159544 inches of 
mercury, would only be 5 lines 1^/5^4 thick. 
• The 689808th orb, 40208 fathoms below the 
firft, which is, that where iron would be fuftain*d^ 
\ eing prelfcd by 1 72480 inches of mercury, would 
«ily be 5 lines if Us o- thick. 

The 
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- The 77€o4ath orb^ 40708 fathoms below the 
firft, which is thac where copper would be fu& 
|)cndcd,: being preffcd by 194040 inches of mer- 
cury, would only be 4 lines ^^oVb thick, \ 

The 890960th orb, 41202 fathoms below the 
firft, where filvcr would be fuftaincd, ^ing 
preffcd by 222768 inches of mercury, would 
only be. 3 lines if fftf thick. 

The 991648th orb, 41 551 fathoms bdow 
the firft, where lead may be foftainM^. being 
prcflfed. by 247940 inches of mercury, would 
only be 3 lines if ^^^f thick. 

The 1 1 72 5^8 th orb, 421 81 fathoms below 
the firft, which is that where mercury would 
be fuftained, being pireflcd by 293160 inches 
of- mercury, would only .be 2 lines \%%\%% 
thick. 

- Laftly the i63&4.48th orb, 43528 fethoms be- 
low the firft, which is thac where gold would 
ht fuftained, being prefted by 409640 inches 
of mercury, would only be 2 lines /oV6*^ thick. 

- It muftbe obferved, that tho* in this table, the 
brbjWhere mercury (hould be fuftained, is laidtobe 
.3 lines thick and upwards ; yet, in reality, it muft 
not be fo much. The reafon is, that the experi- 
ment upon which the calculus of this table is 
founded, were made by feveral perfons*, fomeof 
/Whom found the weight of air to that of mer- 
cury, as I to 10800 5 and others, as i to X0470, 
•in Keu of which ratios, it may be proper to take 
that of I to 10368, which is the mean between 
the other 2, and correfponds exaftiy to that of 
3 lines to 36 fathoms ; befides^ that this laft is 

:much more contimodious for calculation. On 
; this. footing,, the orb, where mercury would be 
fuftained, would only be the 1 1 61 104th its depth 
i)elowours 41 931 fathoms» and tibe. number of 

inches 
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«K:hes of mercury, it would be preffed bj 

£.90276. 

* As CO the ratios of air to other bodies expreflb 
in this cable, they were found from the ratio of 
I to 770, which is that found by M,^;? U Hire^ 
between the weights of air and water, and a tabic 
of weights given by M.Bhndel in his mechanicks ] 
that of cork was found by experiment, the height 
of mercury expreffed in the table being to eachd 
iDther, as the numbers which exprels them divided-] 
by 28, we need not here givethofe ratios, whereof 
thefe fame numbers are the equimultiples. 

You may now clearly perceive, that at 4^52i 
fathoms depth, the air would be at leaft ^ hea- 
vier than mercury, we fay at Iea{f, by reafon 
the depths afligned to thefe orbs, are rather too 
great than too little. Dr, Hal ley ^ in the placfl 
already quoted, fhews, that thefe depths are re-^ 
presented by fpaces, comprehended between a 
hyperbolical line, its afymptote, and 2 perpendicu- 
lars to the afymptote, reprefenting the produc- 
tions of the fame bulk of air by heights of mer^ 
cury, whereof the part of the afymptote, comprei^^ 
bended between fuch perpendiculars, is the diiFe- 
rence \ whereas for the eafier calculating, we 
have here fuppofed the hyperbolical fide of this 
^ce to be a right line, which gives thofe depths 
fomewhat greater than they fhould be, though 
the difference is not very confiderable. 

Now this depth of 43528 fathoms is only the 
4th part of the fenai-diameter of the earth, whictis 
would contain many millions of millions more* 
orbs, equal in weight with ours ; fuppofmg that 
the denfity of the air as not limited to that of the 
bcaviert bodies known among us beyond this 
depth, that vaft fphcre of 6451538 fathoms in 
diameter ftill remaining of the terreftrial globe, 

may 
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may only be full of air prodigioufly condehfed, 
and vaftly heavier than the heavicft bodies on the 
furface of the earth. 

But we have Ihewn by the experiments re- 
lated in the memoirs of 1702, that the more 
die air is compreffed, the more will the fame de- 
gree of heat increafe the force of its fpring, amf 
render it capable of the greater efFcft ; that the 
heat, for inftance^ of boiling water will increafe 
the force of this fpring beyond what it is in the 
degree of heat, which, in our climate, is calkd 
temperate, by a quantity equal to j of the weight 
it is prefled withal, which is enough to induce us' 
to believe, that a degree of heat, which, in our 
orb, * is only capable of a very moderate effefl^ 
becomes capable of a very violent one in the 
lower orbs ; and as there are degrees of heat ia 
nature, vaftly greater than that of boiling water, 
*tis pofliblc, there may be fome, whofe violence 
being thus aflifted by the weight of the air, 
may be more than fufficient to break and over- 
turn this folid orb 43528 fathoms thick, wherein 
all the bodies we are acquainted of are contained, 
and whofe weight, however enormous it may 
fecm, is only a trifle in comparifon of the reft. 

But if it be obvious, what efFcd heat would 
produce in thefe lower orbs, we do not fo eafily 
conceive, how it could be communicated thither 
otherwife than by defcending through the upper 
orbs, for want of other iflues ; fince the air of 
thefe orbs being extremely coridenfed, can only 
contain very few particles of fire in its intervals ; 
and that as this condenfation grows exceffive to- 
wards the centre of the earth, it muft be almbft 
wholly vpid of air in that part. This fentiment; 
*tis true, ftands quite oppofite to that of M. Def- 
$artis^ and to" the fyftcm of the central fire^ 

but 
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but this alone fhould not make it be djfcardc(J# 
till by other experiments, more coDvincing tha 
thofc we here go upon, it be fliewn erroneous, 

V. Remarks on the table of the degrees of heaA 
in tke pkikjhpbical tran factions ^ for April 
J 70 1, read ay M. GeofFroy in the ajjemblf. 
Qu Tuefday, July 24, 1703. by M. A J 
montons * 5 tranjlated by Mr. Chambers. , 

As to the firft article* we do not fee why th^ 
author fiiould fix the firft degrees of heat and 
cold to the moment when water begins to freeze* 
fince there are other liquors which freeze mord 
or lels readily than water, and which might have 
had preference thereto 5 nor do we fee, whatcoulc 
oblige him to make the diftinftion of hot and] 
cold degrees, Gnce every quantity of heat ma]{j 
be called either hot or cold, according as it 
compared, either to extreme cold or intenfe heatj 
The degree of cold, for inftance, where water 
congeals, being a conGderable degree of heatjj 
when compared to extreme cold j be this as ic] 
will, che degree of heat, which the author kyi 
down as the firft in his fcale* is the fame, 
that marked on my thermometer for 51 inches,! 
6 lines ; and that which he calls 34 degrees and" 
f, which he fays, boiling water cannot pafs, ig 
that marked on my thermometer at 73 inches ; 
Jb that if from thefe 73 inches, we fubftraft 51 [ 
inches and |, the difference will be 21 iaches 1*1 
which being divided by 34 f, wit! give 7 lines] 
ij of my thermometer for each degree of thiij 
author. On this footing, what he calls the de-J 
grce of heat of air in winter, would extend from 
51 inches and l^ to 52 inches, 8 lines i^, 

* Au|. 4, 1703. 
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What he calls the degree of heat of the air in 
j|>ring and autumn, would extend from 52 in* 
ches, 8 lines f f , to 53 inches, 1 1 lines f f , and 
ius temperate would be at 53 inches, 4 lines if ^ 
which is 7 lines if below ours, that is, below 
the temperature of the vaults of the obfervatory. 

What he calls the degree of heat of fummer's 
air, extends from 53 inches, 11 lines f J, to 55 
mches, 10 lines ,^3, which is 2 inches, 9 lines \\ 
below our greateft heat, and the whole compafi 
which he allows, the variations of air, between 
the heats of fummer and winter, is only 3 inches, 
8 lines f f ; whereas with us, it is found 5 inches, 
computing, ^ as he has done, from the degree 
wherein water freezes, which is far from being 
the utmoft degree of cold felt in our climate, any 
more than 56 inches, 6 lines, are the greateft 
heat. The whole extent of this difference being 
ufually in the open air, and without fun about 8 
inches, which induces us to think, that the au- 
Chor made his obfervations in a clofe place, and 
icomparing his temperate with ours, it readily 
appears, that his obfervations were made in the 
colder climate. 'T were to be wifhed, the author 
had told us fbmething hereof, and had expreifed 
the fubterraneous temperature of the place of his 
cl)lervations. 

The degree, which he calls the degree of heat 
of noon-tide air in the month of 7«/y, and which 
probably determined with him the heat of the air 
in the fummer's folftice, is much below that 
found here, his only reaching to 55 inches, \o 
' lines /|^ and ours to upwards of 58 inches. 

The degree, which he calls the greateft degree 
of hcat,^that the thermometer is capable of receiv- 
ing from the natural heat of the human bpdy, cor- 
refpondsto 58 inches, 11 lines /, of my thermo- 
mejer ; and the experindcnts I have made on this 

Vol. IL N^. 14. L. head. 
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head, would corivince me he had determined it 
very accurately, if ic were not certairij thati 
natural htac is always the fame both in fummc 
and winter* 

When the thcrmometei- ftood at 29 inches, 
lines, fcvcral perfons, whofe pulfes wereasundeii 
mentioned, made the thermometer rife by tii 
heat of their hands, to the heights expreffed lij 
the other cohimn. 



Piilfes in a minute, 
yo 



66- 



Heights cf the thenmm. 

5 8 inch. 6 tin, 

58 7 

58 5 

^58 9 

58 7 



60- 



-5S- 



One of thefe perfons putting the thermometef j 
in his mouth, could not make it rife higher than 
by the heat of his hand. -^- - - By the way, it 
may be obferved, that the puffation of the arteries 
bears norchtion to the natural heat, and that the 
one cannot be cftimated from the oiher. 

As to the 7th and 8rh article, whofe degrees of 
heat, as they are marked^ correfpond, viz. the M 
7ch to 60 inches, 8 lines of my thermometer, " 
and the 8th to 62 inches, i line; it doth not 
appear, that nny thing certain can be determined 
thereon, by reafon that all men are not equally 
fenfible, and I have had much ado to keep mj 
hand any time in the bath of the 7th article^ 
when my fervants fupporced that of the eighth* 
For a confiderable while the degree of heat, where 
the bath feci the r appeared to me hot nor cold, 

was 



RoYAi' Academy of Sciences. 7? 

uras 58' inches^ 5 lines, which is precifely th^t t^ 
which the heat of my hand would make the ther- 
mometer rife s the thermometer then Handing at 
5IS inches. 

The degree of heat of a bath, wherein melted 
wax poured therein begins to fix and looie its 
tranfparencey was found the fame ^ the author 
has reprefented it, and correfponds to 64 inches^ 
I line, with my thermometer. ■ The de- 
gree of heat of a bath, wherein he fays a piece 
of wax will melt, anfwers to 66 inches, 5 lines j\ 
of my , thermometer ; but in my experiment, a 
piece of white wax, 10 or 12 grains heavy« 
would not melt intirely in water lower than 67 

inches, 3 liqes. A piece of tallow, of th?. 

fame weight, melted at 61 inches, 10 lines, and 
a piece of butter at 59 inches, 9 lines. 

As to the 2d column of his tabl^, which con- 
tains the fame degrees of heat in a geometrical 
exprefllon, it feems to be founded upon a falfo 

r:iple, which is, that water beginning to freeze 
no degree of heat^ whereas we find feveral 
ether bodies, whofe heat fufHces to maintain their 
fluidity all that time \ and thus fo far is the heat 
of healing water from being almofl triple of 
die natural . heat, or the degree of fufion of wax 
doable thereof; that 'tis more probable thofe de- 
grees of heat are only to each other, as the num- 
bers 59 i, 66 f , and 73, which exprefs the forc^ 
of the fpring of the air, occafioned by thofe de- 
grees of heat, when it has not liberty to extend, 
but is prefTed in the boiling water with 73 inches 
of mercury. 

What the author fays of the hot iron, where- 
with he found the degrees of heat, which could 
not be had by the thermometer, is not very in- 
telligible : his words arc, Calor qumferrum ca- 

L 2 kfaHum. 
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iefaMum^ corpGfibus frigidh Jibi coniiguis^ daia 
tempore communkat \ hoc ejly calar^ quern ferrum 
data tempore mittit^ eft ui cahr mus ferri % which 
is certainly to be undetftood of the heat remain- 
ing -, and all we can conceive to be meant by it is, 
that the quantity of heat it communicates in a cer- 
tain time, is equal lu wlnt is left j fo that a hot 
irojij which, in a certain time* had loft f it$ 
heat, would only loofe \ of that \^ that is z \ in 
a fecond time, equal to the firfl: ; an 8 th in a third 
time 5 a i6th in a 4th time, and fo of the reft: 
but this reafoning feems to fuppofe, wifhout 
any grounds, that the ratio of two to one reigns 
continually in thisdecrealingprogrefllon, whereas 
any other ratio, as of 3 to i, or 4101, may e- 
qua!ly obtain* according as the air which fur- 
rounds the iron, and to which it communicates 
its teat, is more or lefs cold \ or as the iron ig 
more or lefs hot, and the times of cooling longer 
orfhorter ; all which circumftances may be diver- 
fified to infinicy,and will occafion a likediverfity in 
the ratios of the progrcffion, whofe terms arc to 
exprtfs the different degrees of heat. So that to 
make ufe of this method to advantage, we Ihould 
have as many tables of logarithms, as there may 
be different geometrical progrefTions -, add that 
Tve are not atVaid that the a 11*, which continually 
fucceeds around the hoc iron all the time of its 
cooling, is of the fame temperature, not to ipentioti 
the nccefllty of fuftaining this hot iron by fome 
body, to which it will communicate more or left 
of i[s heat, as luch body is more or lefs cold, or 

its mnfs greater or fmalkr. Being unable, 

therefore, to determine any thing j^recifely in this 
manner, I made ufe of another. 

I put a bar of iron ^^ inches long, and weigh- 
ing 30 Ih^ almcft upright upon charcoal in a tur- 



Royal Academy^ Sciences, 77 

liacc, where thire might be the value of a bulhel^ 
which done, I lighted the charcoal, and took 
care to add the quantity of another bufliel, and 
two feveral times in proportion, as the other 
wafted; ^nd when the iron was heated, fo that 
the lower end was quite white hot, it ceafed to 
be red at the diftance of 5 or 6 inches, and at the 
diftance of 42 inches, was juft fufficient to put 
butter in fuiion. Upon this I laid it down hori- 
zontally, with the hot end on the fire, and the O- 
ther fupported by a piece of wood, and laying 
rfie following matters on it as carefully as I could, 
I found that thin glafe would melt at 4 inches f 
from the lower end. 

Lead at 8 inches | ; gunpowder kindled in thp 
feme place. 

Tin melted at 1 1 inches. 

Solder made of three parts of lead, two of tin, 
jlt 12 inches. 

Drops of water boiled at 22 inches. 

Virgin wax melted,' at 30 inches 8 lines. 

Tallow at 39 inches. 

And butter, as already mentioned, at 42 inches. 

Now if we confider that the fpaces on this bar, 
comprehended between the boiling water, the fu- 
fion of wax, tallow, and that of butter, are to 
each other as the fpaces marked on my thermo- 
meter, between the fame degrees of heat ; it will 
cafily appear, how all the other degrees of heat, 
found by means of the bar, may be reduced into 
degrees of my thermometer. This I have efFedted 
in the following table, where on the one fide are 
found all the degltes of heat, which I have learned 
by my own experiments -, and on the other, thofe 
delivered in the philofophical tranfaftions, both of 
them reduced into degrees of my thermometer, 
that they may be the cafier compared together. 
5 All 
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All that here remains, is to examine what die 
author l:ias faid of the rarefaftions of air^ linfted 
oil, and fpirit of wine, with regard to which 
he feems to have been grofly overfeen, at leaft , 
there is a wide difference between us on this head# 
as well as in the experiments with the red- hoi 
iron. The rarefaftion of air, fays he^ under an 
equal degree of heat, was ten times greater than [ 
the rareftclion of the oil •, and the rarefaftion of j 
oil, almoft fifteen times greater than that of fpirit [ 
of wine. 

On this footing the rarefa6tion of air fliould bft j 
150 times greater than that of fpirit of wine, un- 
der the fame degree of heat, which I have found 
true by experiment; for in my air thermometer, 
its bulk at the time when water freezes, is to ic$ 
bulk in boiling water, as 148 |f, to 149 |f, 
in the author's thermomeccr, made with linfecd 
oil. Thefe bulks are to each other, as joooo ta 
J 0705, or as 14 to 15; and in my fpirit of ^ 
wine thermometer, ihefe fame bulks are to each 
other as 472 ra 51^^, or as ti to 12 j now thefe 
augmentations of bulk; ^^g, ,-4, /j, are to each 
other as the numbers 77, 814, and 1036, where 
wc find, that inftead of the air's rareiaftion, un- 
der an equal degree of heat, being t^n times 
greater than that of linfeed oil» it appears by 
this experiment, 10 times and ^ fmaller, and 14 
times fmaller than that of fpirit of wine, which 
is tar from being 150 times greater than that of 
fpirit of wine ; *ns true, the author does not telJ 
us in wh.ic manner lie obferved this great rare- 
fiiftion of air, and that in my experiment, with 
the air therm ornecer, the air is not only continu- 
ally preffed with the weight of the atniofphcre, 
but in the time of freezing, compreffed hke* 
wife with a column of mercury, 23 inches and 
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I high, which in all amounts to 51 inches and 
i ; aix} that this column is Continually increafmg, 
fo that when the water boils, the column is 73 
inches high ; but fuppofing the air were only 

Eeflfed by the weight of the atmofphere, its 
ilk, according to M, Afariotte^s experiment, 
could only be increas'd in the ratio of 103 to 
146; in which cafe,, our rarefaftions would be 
•o each other as the number 4757, 8145 1036; 
where it may be obferved, that the rarcfaftion of 
air, under an equal heat, can at moft only be 5 
Ifanes greater than that of fpirit of wine. As to 
the rarefadion of linfeed oil, fo far is it fron% 
being 1 5 times greater than that of fpirit of wine, 
that it evidently appears, by the above experi- 
ments, to be lefe than that of fpirit of wine, or 
even of brandy, for our Ipirit was no more in the 
ratio of 814 to 1036. 
» A fcale of feveraJ degrees of heat, found both 
by the refiftance of the thermometer, .and of red- 
hot iron, compared with thofe in tne'philofophi- 
cal tranfaftions, for April 1701, both the one 
and the other, exprefs*d by the number of inches 
and lines of mercury high, which fuch degrees of 
heat would enable the air indofed in a glafs ther- 
mometer to fuftain ; fuppofing this height fu- 
ftain'd in boiling water, prcffcd by the atmo- 
fphere, to be 73 inches. 
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Degrees of heat» Degrees of liei^ 

taken from die ibund hf ex|e» 

philof.traoiad» nmeat* 

Degree of heat of 
hcb. lin. winter's air, when wa- inch. Un. 

51 6 ter begins to freeze. 51— 6 

5' ^ 1 Degrees of heat ofC 5i— 6 

5^ ^ (winter's air. ) 5^ 4 

52 9 ^ ^ 53 2 

521 — 9 J Degrees of heat of r 53 2 

53 4 C vernal and autumnaw 54 o 

54- — o 3 air. L 54 lo 

54 o 1 Degrees of heat of C 54 10 

54 7 I fummcr air. 1 55 8 

55 2 -^ ^ 56 5 

Degree of heat of 

the air, in the middle 

55 2 of July. 56 £ 

The greatefl degree 
of heat which the ther- 
mometer can receive 
from the heat of the 

59 o human body. 58— ^ 

That of a bird brood- 

59 o ing on its eggs. 

The grcateft heat of 
a bath, which the hand 
is able to endure, by 
keeping it continually 
ftirring. 

The greateft heat of 
a bath, which the hand 
can fuftain for any con- 
tinuance, without ftir- 
(52— 1 ing it about. 

Heat of a bath, 
wherein melted wax 
caft in it begins to fix 

64 I andlofeitstranfparcncc. 64 i 

Degree 
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Degree of heat of 
the batb^ wherein mjr 
hand neither felt heat 
nor cold. 5S— — • 5 

D^ree of heat of a 

bath, wherein a piece 

of wax, remains in 

fufion without ebul- 

€6— 5 lition. 67 2 

Degree of heat of a 
bath, wherein a piece 
of tallow melts, 61 10 

Degree of heat of a 
bath, wherein a piece 
of butter melts. sg 9 

Degree of heat which 
makes water boil, and 
beyond which it cannot 

73 — ^ g^- 73 • 

Degree of heat, 

wherein a mixture of 

2 parts of lead, 3 of 

tin, and 5 of bifmuth 

fufed, begin to harden 

73 o again. 

Degree of heat, 

wherein red-hot iron 

73 4 cooling, ceafes to make 

or drops of hot water, * 

74 o thrown thereon, boil. 

Degree of heat, 
wherein the fame red- 
hot iron ceafes to make 
drops of cold water 

74 6 boil. 

The fmallcft degree 
of hear, wherein a mix- 
ToL.ILN^. 15. M lurq 
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ture of I part of lead, 

4 of tin, and 5 of bif- 

- muth, melt and remain 

76 7 fluid. 

The fmalleft degree 
of heat, wherein a mix- 
ture of equal parts of 

81 5 tin and bifmuth melt. 

to This mixture fixes as 

80 10 it cools. 

The degree of heat 
capable of melting a 
mixture of 2 parts of 
tin, and i of bifmuth; 
as well as a mixture of 

3 parts of tin, and 2 of 
lead 5 and wherein the 
mixtures of 5 parts of 
tin and 2 of bifmuth, 
and of equal parts of 

87 ^ lead and bifmuth, fix. 

The fmalleft degree 
of heat, wherein a mix- 
ture of I part of bif- 
muth, and 8 parts of 

93 ^o tin, is capable of fufing. 

96 4 The degree of heat, 

to which puts tin in fu- 

95 2 fion. 80 3 

The degree of heat 
which melts bifmuth; 
as alfo the mixture of 

4 parts of lead and i 
of tin ; and wherein the 
mixture of 5 parts of 
lead and i of tin, fixes 

102 o again. 

The 
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The fmalleft degree 
III 4 ofheat, which melts lead. 82— 

The degree of heat, 
which puts glafs in fu- 
fion. 84 7 

The fame is the de- 
gree of heat of red-hot 
iron. 

The heat of a large 
charcoal fire, which 
turned iron extremely 
red, and made it fcale. 87— 7 

Gun-powder took 
fire with the fame de- 
gree of heat as melted 
lead. 82— 

Solder made of 3 
parts of lead and 2 of 
tin melted, at yg j 

The degree of heat, 
wherein burnt bodies 
ceafe fhining in the . 
dark, and wherein heat- 
ed bodies begin to yield 
a little light, but fo 
weak, as hardly to be 
122 6 perceivable. 

The fame degree of 
heat will melt^a mix- 
ture of equal parts of 
tin and regulus martis. 

At the fame degree 
of heat, a mixture of 
7 parts of bifmuth, and 
4 parts of regulus mar- 
tis melted together, be- 
gan to fix. 

M 2 The 
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The degree of heat, 

wherein burnt bodies 

afiford hght in the dark, 

but none in the crepuf- 

136— 3 culum. 

At this degree of 
heat, the mixture of 
2 parts of regulus mar- 
tis, and i part of bif-^ 
muth melted together, 
began to fix. 

The fame befel a 
mixture of 5 parts of 
regulus martis and i of 
tin. 

The degree of heat, 
wherein melted regulus 
1 42-— 6 martis fixes. 

The degree of heat, 
wherein burnt bodies 
afford light in the crc- 
pufculum immediately 
after the fun's rifing 
or fetting, and none, 
or very litde in the 

151 10 open day. 

The degree of heat 
of a litde fea-coal fire 
without blowing, as al- 
fo the heat of iron turn- 
ed as red as it could be 

171 2 in this fire. 

176 I Degrees of heat 

to of a moderate wood 

J 81 4 fire. 



VI. 
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VI. Barometrical experiments made uponfe-- 
vera! mountains of France, by M. Ma- 
raldi*. 

In a journey that we took with Meff. Caffinij 
Chazelies^ and Couplet^ under the diredtion of 
M. Cajfinu for the determination of the meri- 
dian, we made fome barometrical experiments on 
feveral mountains o{ Awoergne^ Languedoc^ and 
Roufftllon^ the heights of which above the fur- 
face of the fea, we meafured geometrically. Thefe 
new experiments, which were made at much 
greater heights than any that were taken before, 
may ferve to (hew the properties and extent of 
the air, and how much it is rarefied at different 
heights from the furface of the earth. 

We fhall not here relate the particulars of the 
operations and calculations, which we were o- 
bliged to make, in order to find the height of 
thefe mountains. It will be fufficient to fay, 
that having determined their diftances, with re- 
gard to the points contained in the triangles of 
the meridian, we have at the fame time obferved 
their apparent heights, with regard to each other, 
and that we have made thefe operations by a 
feries of uninterrupted obfervations trom the moun- 
tains of Berri to the fea-coaft oi Rouffillon. Then 
having obferved the apparent height of fome of 
the fame mountains, and knowing their diftance 
witli the femi-diameter of the earth, we deter- 
mined the perpendicular height above the level 
of the fea •, and we concluded the perpendicular 
height of thofe which we did not fee from the 
fea-coaft, by the difference of the heights which 

• Nov. 14, 1703. 

had 
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had been obferved between thefc mouncains, and 
the reft, which had been already known. 

To follow fome order in the report of thefe 
experiments, we ftiall begin with the comparifon 
of the obfervations made on the barometer at the 
fame time, ziCoUmrey 2. town o( Rou£illmj and 
at the obfervatory, in the weftern tower of the 
great halK This comparifon ferves to know the 
different height at which the barometer keeps at 
the fame time in thefe two different places, to de- 
termine the height of the obfervatory above the 
furface of the Medinrrartcan \ and confequently 1 
to know by the obfervations made at the obfer- 
vatory, what the height of the quickfilver was at 
the fea-coaft during the time of our making the I 
obfervations on the mountains^ when we could 
not make them at the fame time at the fea-coaft. 

Daring oar ftay at Colimre, from iv^. 19, to 
March 12, of the year 1701, to make the necet 
lary obfervations for the meridian, we placed the 
barometer in a houfe, (ituated on a rock by the 
fea-fide, in a place that was elevat^:d 6g feet a- 
bove the level of the fea. By the comparifon of 
thefc obfervations made during one months wc 
find, that at Colioure the quickfilver was ufually 
^ lines f higher than at thti oblervatory. If we 
luppofe the height of the air, which agrees to a 
line of quickfilver at the fea-fidc, to be 10 toilcs,^ 
asM. Mariotte fuppofes it. In his fccood eilay 00" 
die nature of the air, by the difference of the 
height of the quickfilver, obftrvcd at the lame 
time at the obfervatory and at Colwun^ of 3 
lines and -, we fhall ha vet the great hall r>f the 
obfervatory more elevated than Cotioure^ by 33 
toifcs and \ ; which being added to 1 1 toifcs | 
difference of height, between the levelof the fca, 
and the place where the barometer was obferved, 

make 
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make the great hall of the obfervatory 45 toifes 
higher than the MediUrranean^ and the height of 
the quickfilver lefs by 4 lines ^ at the obfervatory, 
than at the fea-fide. This height of the hall 
of the obfervatory differs but one toife from that 
which M. Picard has determined of the level of 
die ocean, which thereby appears to be the fame 
level with that of the Mediterranean. 

After thefe obfervations made at Colioure^ we 
carried the barometer upon a fummit of the moun- 
tains near Rouffillon^ called la Mejfane, the height 
of which above the furface of the fea was mea-* 
furcd geometrically 408 toifes. On this moun- 
tain we found the height of the barometer 25 in- 
ches, 5 lines- We had found it fome hours be- 
fore at Colioure juft 28 inches. The difference 
is 2 inches, 7 lines ; to which, if we add i line 
^, for the height of the place where the barome- 
ter was, we Ihall have 32 lines diminution of the 
quickfilver for the height of 408 toifes. 

We made another experiment with the baro- 
meter on the top of Bugarach^ a mountain of 
LanguedoCj the height of which above the level 
of the fea, has been determined three different 
ways to be 648 toifes. The barometer on the 
top of the mountain held fufpended at 23 inches^ 
8 lines 7, at the fame time that it held at the ob- * 
fervatory at 27 inches, 3. lines-, to which, if we 
add 4 lines |, which are due to the height of the 
obfervatory, above the level of the fea, we fhall 
have the height of the quickfilver reduced to the 
fame level of 27 inches^ 7 lines; the difference 
of which, from 23 inches, 8 lines |, is 46 lines f^ 
which anfwer the height of 648 toifes. 

In Ollober^ we obferved on the top of thq 
mountain of la Cojia^ near the Mont-d^Or^ in 
Auvergne^ the height of the quickfilver to be 

23. 
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23 inches, 4 lines, k was obferYed the (amtf^ 
day at Paris to be ty inches, 10 lines, the diffe- 
rence of which is 4 inches, 6 lines ; to which^ if j 
we add 4 lines f , due to the height of the obfer-J 
vatory above the level of the lea, we fhaU have 41 
inches^ id lines, for 850 toifes, which the top 
of this niountain is elevated above the furfacc of j 
the fea. 

Froai la Cofia^ and feveral other points of the 
meridian, we fee the PuyDomme^ a famous moun- 
tain near Clermmt^ in Juvergne^ by the barome- 
trical experiment, which M. Periir made on its 
iummit ; which is alfo related in M, Pafckalh 
Trails de l^Equilibre des Liqueurs, This obier* I 
vation, which is the firft that was known to be 
made on this fubjeft, and is confiderable for the 
great variation of the quickfilver, from the foot of ] 
the mountain to the fummit, was indeed fufficienc 
to prove, as was propofed, that the preffurc and i 
weight of the air, are the caufe of the fufpenfion ' 
of the quickfilver ; but it would fervc but im* 
perfeftly to find the height of the atmofphere, as ^ 
has fincc been attempted, becaufe the height of V 
the mountain above Clermonty was determined 
only by ^guefs, and its height above the furface 
of the fea was entirely unknown. By the fame 
method that we have ufed to find the height of 
other mountains, we have liippiied the principal 
circumftance that was wanting in this obferva- 
tion, having determined its height above the le- J 
vel of the fea, to be 810 toifes, 40 toiles lower 
than the mountain of la Cqfta. By the compa- 
rifon which we have made of M. Perier's 2X- 
periments, having had regard to the different 
height of the quickfilver between Paris and 
Clermonty which refult from the obfervations 
made a year after that of Pwy Dommc^ and to 
I the 
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the falling of thequickfiiver from Ckrmmi^ quite 
to the top of the mountain, wc find that at the 
height of 8 10 toifes, which is the height oi Dom^ 
me^ as wc mcafurcd it, there would be a diminu- 
tion of 4 inches, 1 1 lines, with regard to the fur- 
face of the fea, which would be a line of diminu- 
tion more than we found upon la Cojia, 

This difference may come from the reductions 
which we are obliged to make, as there were no 
obfervation made at Paris on the day of the ob- 
fcrvations^ which fliould have been, becaufe of 
the variation which often happens in the height 
of the quickfilver from one day to another y and 
indeed it may come from the difficulty of being 
always exaft in fuch nice experiments. 

The obfervations, which we have related, ad- 
ded to thofe which were made in 1672, by M. 
Cqffini at Notre Dame de la Garde, near Mar- 
feilleSi and to thofe which M. de la Hire made lo 
years afterwards upon mount Clairety near Tou- 
Im^ have ferved us to find a rule, according to 
which the quickfilver diminifhes at different 
heights of the air above the furtace of the fea, 
which agrees very well with the obfervations, and 
is eafily retained. 

Suppofc, that at the fea-coaft the height of the 
air, agreeing with a line of quickfilver, is 61 
feet, which make 10 toifes, i foot, within A 
part of M, MariQtte'% hypothefis *> that the height 
agreeing with the fecond line, \% 1 foot more than 
the firft i the third a foot more than the fecond, 
and fo on. 

According to this hypothefis, from the furfice 
of the fea, to the height of 178 toifes-^ the quick- 
filver' iliould fall 15 lines j. M, Cqfmi*s obfer- 
vaiion, which was made at this height, gives 16 
hnesf. At the height of 2^7 toifes, the hypo- 
. Vql.ILNV 15, N thefis 
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thefis makes the diminution of the quickfilvcr 21 
lines |, M. de la Hireh obfervation makes il 
21 lines f. At the height of 408 toifes, accord 
ing to the calculation, the quickfilvcr Ihould fall 
32 lines ^, which agrees with the obfervation of 
la Majfane. At the height of 648 toifes, thehf 
pothefis makes the falHng of the quickfilver 41 
lines ^, inftead of 46 lines I, according to the ob- 
fervation of Bugiiracb, At the height of 85 
toifes, it is 57 lines f, inftead of 57 |, which re 
fults from the obfervation of la Cofta. 

By this niJe, which reprefents all the obferva*! 
tions hitherto made within lefs than a line^ we ma; 
know within a few toifes, by the obfervation 
the barometer, the height of a mountain, the eb 
vation of the places of the earth above the fur- 
face of the fea, tho* at a great diftance from it^: 
and how far one place is elevated above another^'j 
to the height of near half a league above the fur- 
face of the fea, which is the height where our ob- 
fervations end, ^ 

Following the fame principles, and fuppofing™ 
the height of the quickfilver at the fea-coaft to be 
28 inches, as it commonly is, wc have calculated 
what the height of the atmofphere fhould be, in 
this mannen If from the height of the quick- 
filver, which, at the fea^fide, is 28 inches, or 336! 
lines, you fubftra£t the haif, which is 168, and™ 
miJtipiy it by 337, the number of lines of the 
fufpcnfion of the quickfilver augmented by unity J 
and divide the produd by 6, the quotient will be" 
9436 toiiVs; which being added to 3360 toifes, 
due to 336 lines in the proportion of 10 toifes for 
each, there will be 12796 toifo, which make 6 
leagues | for the height of the atmofphere. If 
we calculate in like manner the height of the laft 
line but one> we (hall End that the air, which an- 

fwers 
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fwcrs to the greateft height, would there be a- 
bove 6 times more rarefied, than the air is at the 
fat-fide. 

We da not pretend to give for the exafl: height 
of the atmofphere, that which we have juft found 
by the calculation \ it is an attempt that we have 
been willing to make^ to fte what refults from 
our obfervEtions made at much greater heights^ 
and in much greater number than what we had 
before. 

We know how difficuU it is to make a juft 
conclufion of the meafure which we have made 
of the reft of the atmofpherc, which is incom- 
parably greater, even though the upper air fhould 
[be of the fame conftitucion with that which is 
near the earth. But beftdes thcfe difficulties, there 
are alfo other confiderable ones, there are others 
which may come from the variations which hap- 
, pen to the barometer in the iamc country, and 
[ from the diiFerent variation, which is found in 
diEferent climates. 

, For we have obferved^ that the weight of the 
fair varies confiderably in the fame places at diffe- 
rent times-, that it is ufualJy more heavy in fair 
lerene weather, and lighter when it is cloudy and 
full of vapours \ which feems fo oppofite to the 
judgment that we naturally make of it, that be- 
fore thefe experiments fome celebrated phiiofo- 
phers made no difficulty to fuppofe the contrary. 

A great number of experiments made fome 
time ago in Spain^ Italy ^ and England^ and com- 
pared with thofe which we made at the fame time 
at the obfervatory, have (hewn, that the barome- 
ter varies in the fame circumftanccs of time v and 
what is very confiderable, thefe variations happen 
moft commonly on the fame days, efpecially 
e which are quick and fudden- We have 
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found, that the variations of the barometer amj 
greater in the northern than in the fouthem 

countries. We have obferved, that in Sweden 
they are i\ of the greateft height of the barome* 
ter J that they are greater there than in FranceA 
where they are but one fy \ that in Fr^^c^ they J 
are a] fo greater than between the tropicks, andj 
toward the equinoftial, where they do not arrivQj 
to j4 part. We have alfo obferved, that tt 
barometer^ fuuated at a little height above the' 
furface of the fea, always remained lower in the 
obfervacions made near the equinoftial, than in ' 
Europe \ fo that if we fuppofe the height of the 
air above the furface of the quickfilver to be pro-i 
portioned to its fufpenfion in the barometer-^ tbql 
height of the atmofphere i^ould be greater to^J 
wards the N* pole, than near the equator. 

To obtain more certain informations concero^l 
ing the extent of the air by experiments madq 
at great heights^ we know none more propecj 
than fuch as Ihould be made on the Camgou^ 
which is the moft fouthern mountain of the Py^* 
rend^ans^ where the triangles of the meridian 
arc terminated. It is higher than the mountains 
of Jurjergne^ Languedoc^ and the Pyrenieans^ 
which we have obferved. It is alfo nearer to 
the fea-coaft, from whence it is feen, not be* 
ing above 10 leagues from it; fo that the ex- 
periment might be made at the fame time on the 
iea-coaft and on the mountain^ without having 
occafion for any reduftion. The height of the 
Canigm^ above the furface of the lea» meafured 
9. different ways^ has been found to be 1440 
toifes, which are a little Icfs than |- of a league in^ 
perpendicular height, which, according to th^^^ 
hypothcfiSj would give 7 inches of diminution^ 
wnjch make 4 of the greateft elevation of the ba» 
3 rometer. 
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rometer. We had determined this height, as 
well as that of feveral other mountainSv in the 
(l^gQ of making barometrical experiments upon 
it 5 but we were not able to execute it, becaufe 
of the great quantity of fnow which covered 
them at the time of our obfcrvations. 

As the principal difficulty in thefe experiments 
confifts in knowing the height of the places 
where they are made, we have thought it proper 
to give here a catalogue of the principal moun- 
tains, of which we have found the height a- 
bovc the furface of the fea, to give an opportu- 
nity to the learned near thefe mountains, to make 
tarometricaL experiments upon them, and to fee 
if the hypothefis propofed anfwers to their obfcr- 
vations. Ir would be of ufe alfo, to make upon 
iome of thefe mountains, fome obfcrvations for 
the refradlion of the ftars. The experiments 
which M. Cqffini had made at Marfeilles^ and 
j^ree with thofe which we made laft, having 
given the height^ of the air much greater than 
that which refults from the hypothefis, which 
he had ufed in determining the aftronomical re- 
fractions, gave him room to conjefture, that 
there might be fome fluid matter dilperfed in the 
lower part of the air, and a little elevated above » 
the higheft mountains of the earth, which was 
the principal caufe of the refraftions of the ftars. 
Thefe obfcrvations made both at the fca-fide, 
and on the higheft mountains, would ferve to 
know whether this refradtive matter, different 
from that of the air, is really in nature ; where- 
as at prefent he propofes it only as a commo- 
dious invention for the calculation of the refrac- 
tions. 
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^ catalogue of the principal mmntainsy of whicb 
w€ have meafured the height above the fur fact 
of tbefea, 

Toifct* 

The Majane in Rmjfdhn 40S , 

Bugarach m Languedoc ■ ■■- >-^ ^ ■ 64$^ 



Mmntains of Auvergne. 

The Puy Domme 

The Cojia- 



The Puy de Violent 
The Cantal 



Sio) 

8511 

853 

9H\ 

The Mont d'Or^ which is the higheft mountain 

of Auvergne £03^1 

The Mmt Fentoax^ in the Cemtat of jivignon^, 

1036 



Mountains of the Pyren^eans. 
The mountain of 5. Bartholomew^ in the coun^ 

try of Foix ' 118 

The mountain of Mouffet 125 

The Canigou 1440 



VIL Ohfervaiions on a petrified brain ^ 
M, du Verney, jun. ** 
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Almoft three months ago an ox broke loofe 
four times, jull as the butcher was going to 
knock him down. This remark is not ufelefsa^ 
becaufe it ftiews^ that ic was no weak and faintfl 
animal ; but on the contrary, very flrong and 
vigorous. When rhey came at kit to open his 
head, the brain refifted the cleaver. The butcher 
thinking he had ft ruck againll the iron ring, 
to which the head was faftened^ redoubled hii 
^ Nov* 14, 1703. 

blowd 
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blow, but to no purpofe; and having in vain 
ftruck a third and fourth time, he was obliged 
CO take a hammer, and break the skull in pieces 
to get out the brain. After he had maflied the 
IkuU with his hammer, he and his companions 
were furprifed to find a great ftone inftead of a 
brain. They brought it to me ; and I was ftill 
more furprifed than they, when I faw this pro- 
digy. As all the parts of the fkull had been 
broken in pieces, it was impoflible for me to re- 
place every part. 

The figure of this brain is lingular, and very 
different from that of a common brain. Its 
forfiice is all over uneven and rugged ; not 
much unlike a piece of rock-work. The two 
great lobes are thicker and clofer than they am 
naturally. Each of them has a procels at the up- 
per part ; that of the left lobe, which proceeds 
about a finger's breadth beyond the furface of the 
reft, is rounded •, that of the right lobe, which 
rifes about an inch, is larger, and forms a fort of 
iaddle, terminated at each extremity by a pum- 
mel, of which the hinder one is round like a 
litde button, and the other is much bigger and 
broader, and has a fort of groove in the middle. 
Thefe two eminences leave a confiderable fpacc 
between them, which is continued down below 
the bafe of the fkull, forming from fpace to 
fpace unequal cavities, of a greater or lefs big- 
nefs, of which the two more confiderable ones 
may contain a fmall filberd. The lower part 
of the left lobe makes a blunt procefs, which 
advances beyond that of the right-fide. The 
different windings, which form the furrows of 
the brain, feem in fome places larger than ufual, 
and alfo feparated, leaving finuofities and deprelTi- 
ons, which probably were hollowed by the mo-^ 

tion 
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tion of the veflels, which were there preferved i;^ 
and alfo on the interior lamina of the fkull^ therdf 
are furrows formed by the courfe of the veflels. 
In feveral places of the lobes of this brain, there„ 
are windings alfo, which are ft ill joined by thdj 
pia makfy which is hardened and petrified aImoft| 
every where clfe, as well as the brain 5 only within 
the hinder part of the lobes,which joins to the lateral! 
part 'of the cenbellum^ there is alfo a tender andJ 
Ipongy fubftance, which was not hardened and pei 
trified like all the reft, which is eafUy felt by in^ 
troducing a probe v for this part does not refif ' 
die probe like the reft \ and that place is properlj 
what is called the third cavity, or the third ven^ 
tricle, above which the pineal gland is fituated, 
which is at the meeting of the fmus^s of the 
dura maur. Tho' the eminence in this plac 
is bigger than a walnut, its fituation gives rootnl 
to believe, that it is the pineal gland. This gland] 
is in a manner articulated by its anterior and lu^j 
perior part, by the two proceffes of the lot 
which we have defcribed j and by its pofterior 
and inferior part with the cenbdlum. At the 
iowcr part of this gland there are feveral ca-- 
vities, the moft confiderable of which, at the fu- 1 
perior and pofterior part of the right lobe, forms 
a great finuofity, which paffing over the right-fide 
of the cerebellum^ terminates in a great cavity^l 
about a finger's breadth in diameter, where the 
beginning of the medulla oblongata muft be J 
Above the fame place there is alfo a flight de*i 
prelfion, about the fize of a denier^ which de- 
preflion is a]fo covered with it$ membrane, and m 
appears tranfparent, fl 

At the baft of the sku!!, and by the fide of 
this cavity, near to another pretty confiderable 
finuofuy, there is alfo a tender, fpongy fubftance* 

like 



Royal Academy ^SciENeEs. 97 

like marroy/ y^qr in introducing a probe, it pot 
only penetrates very eafily to the depth of 5 or 
^ l;pe5, bwf in drawing it back, we find it all 
covered with this marrow ; and what is very fur- 
prifingj is> that tKe neighbouring parts are all as 
^ard as marble. 

The cerebellum is fituated obliquely, rifing 
forwards upon the left lobe ; and the prpcejfus 
'vermiformisj which procefs is naturally bent back 
and hid wnder the lobes, is here found elevated 
above the left lobe. Between the fame lobe an4 
the fame procefs there is 3. confiderable cavity, 
pf an irregular figure, approaching to an oval, 
which penetrates very, forward into the fub- 
ftance of the brain, and at the place where if 
ends, feems lefs hard, ^nd only oflified. The 
cerebellum l?as almoft preferved its natural fi- 
, gure, and there is no confiderable cavity found 
in it, but only fmall depreflions andy?»KjV, which 
feem to have been formed by the feparatioa 
of the furrows. 

In the bafe of the brain, which was cut by 
the butcher, we may fee the grpy and the white 
part diftindtly, tho* they are quite petrified. 

After the circurnftances, which I have juft re- 
lated, I believe no one can qjiieftion, that,thi? 
brain really belonged to a living aninrial. If it 
had been all done, it might have been faid to 
be a produftion like thofe bones, which fomg 
take for foflils, and to thefe wonderful petrifi- 
cations, which are fon>etimes found in the earth, 
4nd are, if I may fo fpeak, fports of nature. But 
ill this petrified brain fome parts are bony -, and 
tfiere is ftill a tender and fpongy fubftance at its 
t)afe ; there is alfo a fubftance in it like mar- 
row, with which the probe, that has been iqtro- 
(Jj|ced, is covered. AH thefe fa6b prove invin^ 

yoL.{I.N^i^. Q cibly, 
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cibly, that this brain is no produftion of chance 
or art, as thofe foflil bones and fome artificial 
produftions may be. The Angularities in this 
brain, are characters of truth, which chance can- 
riot imitate, and art knows not how to imitate. 

Tho* examples are not neceffary to authorifc a 
thing fo evident ; I have been delighted to find 
in the works of a celebrated author, a fad like 
this, which confirms it ; I mean the famous Bar^ 
tholin^ who relates it in his anatomical centtC" 
ries *. He fays, that in his time, in Sweden^ 
as a butcher was going to kill an ox, and had 
fplit his fkull, the brain refitted the blow, and 
made the cleaver fly back ; that the mafs of this 
brain was found to be petrified 5 that the ox 
always hung his head down when alive ; that he 
grew very lean, which determined his matter to 
fell him to the butcher. Bartholin adds, that he 
had not feen this brain ; but that Sleno Bielke, the 
Swedijh ambalfador, from whom he had recei- 
ved the information, had aflbred him that he had 
feen it in Count OxenJiiern*s> houfe, where it was 
kept, and that this ambaflador had promifed 
him to fend a very exact figure, and a piece 
of it. The difference between our obfervation 
and that of Bartholin^ is, that the ox, which 
he fpeaks of, was extremely lean, whereas ours 
was fat, and in good condition. 

But how fhall we anfwer the objedtions, which 
thefe obfcrvations furnifh againtt what has always 
been thought on fo important a fubjeft ? Bartho- 
lin confeflcs himfelf very much puzzled by it, 
The hrain^ fays he, muji no longer be reckoned 
among the noble parts^ Jince its funilions are 
not abjolutely neceffary to life. Thus is the 
brain degraded from the nobility, which it has 

• Lib. VI. HiH:. 91. 
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hitherto enjoyed. I agree with this author, that 
the affair is very puzzling; but yet upon due 
confideration, I believe we can give fome folu- 
tions to thefe difficulties. 

If all the parts of our ox*s brain were equally 
petrified, and all over as hard as they are in a 
great number of places, it would be, very diffi- 
cult, not to fay impoffible, to explain how the 
animal could have lived ; the communication of 
the brain with all the other parts of the brain 
being intercepted, and the fpirits, which it mufl: 
continually fend for the nourifhment and enliven- 
ing of the parts, not being any longer able to 
pais. But the foft and fpongy fubftance, which 
is alfo found in fome places, as has been obferyed, 
gives light into the eftablilhment of fome proba- 
ble conjeftures. We may fay, that this marrow- 
like fubftance, has always been able to furnilh 
a certain quantity of fpirits, not only to caufe 
the nerves of the brain to perform their ordi- 
nary funftions ; but alfo to ferve for the nutrition 
of all the other parts. And what gives room to 
believe it, is, that in the bafe of the fkull, there 
were alfo found fome nerves, which feemed to be 
in their natural ftate, as the fpinal marrow alfo 
was. We cannot qiieftion but this was fuffi- 
qient for all thefe diiFerent fpndions, if we con- 
fider, that fome perfons have been feen-, who 
have had the fubftance of their brain very much 
injured, even to the bafe of the Ikull, and yet 
have performed all their aftions as freely as be- 
fore, for a certain time, becaufe the nerves had not 
fuffcred any diforder. Thus tho' the greateft part 
of our ox's brain was petrified, yet the animal 
lived, becaufe the nerves could receive and diftri^ 
bate the fpirits, or perhaps prepare them them- 
felves. We fhall be eafily led to embrace this 

O 2 opi- 
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opinion, if we recolleft what fevera] authorSj 
have written^ that chtldi'en have been born 
their full time without any brain ; and M. Mer^ 
dlfo, whofe merit is well known, has fliewn mc 
the (keleton of a child, which had neither braiH _ 
iior fpinal-marrow, and yet had all its nerves" 
diftnbuted as ofu^h 

The remark, which Barlholin has made in 
rpeaking of the obfervation already mentJoned| 
confirms what I fay, that the tender and fpongj 
fiibftance, which is found in fome parts of tho 
brain of our ox, has been able to furnifh fomo 
fpirits to the nerves. For this author finding it 
difficult to conceive how the ox, which had it 
brain petrified, could live till he was knocked 
down by the butcher, and fufpedling that ther 
muft be in the brain fome open finus^s^ thro^j 
ivhich the animal fpirits paffed freely from tt 
arteries and nerves \ he was confirmed in thi| 
opinion by M. Bieike^ the Swedtjb ambaflador^ 
who affured him, that in feveral places of the 
brain there were holes, which would eafily admi 
a ftraw. After all, in what manner foever the 
ox was able to live, it muft be acknowledged 
that this petrified brain is a fort of prodigy 5 ail 
we fee every day, that flight wounds made in 
the brain, or only in irs membranes, caufe gene- 
ral perturbations, which deprive it of all it 
functions. 



jfn explanaiion of the figures. 
Plate IL Fig. 1, AAAAA. The drcum- 

ference of the brain, ■ 

EBBB, The two great lobes. ^ 1 

CC\ The procefles, which rife above the upper 

parcof tlie brain. 
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DDt). The fpace, which begins between the^ ' 
two eminences, and is continued below the baft 
ofthelkull. 

E. A blunt procefs, which proceeds beyond 
that on the right fide about a finger's breadth. 

FFFF. Several windings feparated and half 
opened, which form finuofities and depreflions. 

GGGG. The eminence, which I take to be 
the pineal gland, both by its figure and fituation i 
and by its infertion, by means of which it has 
preferved a fort of play between the cerebrum and 
cerebellum. 

Fig. 2. reprefents the brain feenfidewife. 

HHHH. The cerebellum. 

I. The anterior procerus vermifarmis^ which k 
Taifed above the left lobe. 

L. The pofterior procejfus vermiformis. 

M. The cavity between the cerebellum and the 
procefs of the upper part of the left lobe -, the bot- 
tom and fides of which feem lefs hard, and only 
offified. 

N. The inferior procefs of the left lobe. 

O. The fuperior procefs. 

PP. The pineal gland, fituated in fuch a man- 
ner, that its articulation with the cerebrum and 
cerebellum is eafily feea- * 

RR. The fuperior procefs of the right lobe, 
made in form of a faddle. 

S. A portion of the left lobe, which was cut 
by the butcher. 

•Pij"* 3- reprefents the ftme brain fecn in its 
Mpper part, where we fee different cavities, whicii 
go to the bafe of the fkull, marked TTT. 
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yill. Remarks on the inequalities of the mo-- 
tion of pendulum clocks ^ by M. de la Hire*. 

The aftronomers, who have taken great care 
to regulate the motion of their pendulums at fc- 
conds by the motion of the ftars, have obferved 
fome inequalities in them, which they have not 
been able to reduce to any certain rules. I made 
fome remarks on thefe inequalities, in the me- 
moir, which was read by me to the academy, 
and printed in the memoirs of 1 700 -j-, and a- 
mongft the reft, on thofe which may come from 
a little fpring plate, which I had put inftead of 
filk, to fuftain the pendulum ; for I had thought, 
that this plate not being fubjedt to the alterations, 
which happen to the filk by the drynefs and moif- 
ture of the air, the vibrations of the penduluni 
might be much more equal ; but, at laft, I was 
obliged to take away the plate, and put the filk 
again, becaufe I obferved much greater inequa- 
lities than before ; and I afterwards found, that 
the clock went pretty true, fometimes not vary- 
ing from the mean motion a fingle fecond in 4 
days, wherein the pendulum makes 345,600 vi- 
brations. But I have alfo fometimes obferved, 
that from one day to another there were altera- 
tions, confiderable enough to embarrafs an exaft 
Cbferver, and to exercife a philofopher, who 
would fearch out the caufe, which muft nccef- 
larily be phyfical. 

The different ftates of the air feem to be the 
fole caufes of the alterations, which we obferve 
in the motion of the pendulums : for it is hot or 
cold, dry or moift, light or heavy, thick or 
thin ; all thefe different qualities mixing toge- 

• Dec. 15, 17Q3. t Vol, I. Pag. 221 of this abridgment. 
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ther in different degrees, may caufe great altera- 
tions in the motion of clocks. But to find any 
thing that is to happen, we muft confider thcfe 
different ftates feparately. 

We fuppofe, in the firft place, that if the cy- 
cloid is well made, according to the rules which 
M. Huygens has given, all that can accelerate or- 
retard the motion of the yrheels, will not make 
the clock alter, fince there could only happen 
longer or fhorter vibrations, which would not 
fail to be ifochronical, or of equal duration. Thus 
cold being able in fome meafure to fix the little 
oil that is fattened to the pivots of the wheels, 
will caufe their motion to be more difficult, than 
in a warm feafon, when the oil fhall be more li-, 

3uid, and confequently the vibrations will become 
lorter ; but yet they will be of equal duration 
with thofe which are longer, being reftified by the 
figure of the cycloid. 

The moifture that clings to the wheels and pi- 
nions, may caufe almoft the fam.e effcd:, without 
any inequality happening to the motion. 

But tho' the cycloid is the neceflkry figure to 
make the longer or fhorter vibrations be ifochro- 
nical, it fhould be confidered, that it could have 
place only when the fufpenfion has no big- 
nefs or thicknefs, which is impoffible in the exe- 
cution ; wherefore, as we make ufe of a twitted 
Clk, thick enough to fuftain the lentil of the pen- 
dillon or pendulum, which is heavy, and as we 
muft negleft nothing tha: may contribute to the 
juftnefs of this motion, the figure mutt not be a 
cycloid, but a line parallel to the cycloid, which 
may be diftant from it toward the concave fide, 
by half the thicknefs of the filk, that the axis^ 
or middle of this filk, may defcribe the cycloid 
cxaftly, as I have explained in my treatife of 
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ephjdoids^ which may ferve foi* the motion of 
machines. 

We may alfo obferve, that the little threads of 
filk, which compofe the twine, are dry and ftifi^j 
aqd that they may confeqiiently fufFer altogethe 
cpnfiderable alterations^ almoft like thole of thd 
plate fpring, which is ftiffer in cold and dry wca*^ 
ther, and Ibfter in hot i but it is an accident that 
we cannot avoid, when we make a flexible fuC 
penfion for the pendulum 5 wherefore we mighd 
Ery what I propofed in the above-mentioned 
memoir. 

If we confider the different ftates of the airj 
with regard to the pendulum, and not the wheel- 
work of the clock, we Oiaji obferve fo many 
different accidents, that we fhould hardly be abl^ 
to think a clock can go equally for an hour togeJ 
ther, during which the pendulum makes 360c 
vibrations. 

We know, that the heat of the fun in fummel 
is ftrong enough to heat a bar of Iron of 6 feci 
long, and to make it longer than it was in win^ 
ter, when expofed to the froft, by f of a line J 
as I found by a very exa<5l experiment, which \ 
made formerly. Wherefore thefe two different 
ftaies of the air, with regard to the length of the 
pendulum, which fliould be 3 feet, 8 lines |, to 
fwing fcconds, might alter | of a line, whicljH 
would caufe a very confiderable difference in the 
duration of the vibrations of the pendulum, flnce 
it might go as 4ar as 3^'' in a day. But asthi^ 
cafe could not happen, but when the clock is exJ 
pofed to the air and fun in thefe two fcalbns 
which is not frequent, we do not often obferve 
fuch great alterations. There fomctimes happen 
pretty confiderable differences of heat from one da] 
to another, and from nighc to day, to make tht 
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rod of the pendulum" lengthen or fhorten, which 
may retardbr accelerate the motion of the clock 
lbmcfccondsi\^;we*Wofometimes obferve, 
which may come from this' caiifc /alone. Where- 
fore in . the ufe that is'^made of ^'pendulum clocks 
for celdlial bbferviatiohs,^ wfiere it^is neceflkry to 
know the hour with the utmoft exaftnefs, they 
muft be- placed where they* are as* much fheltercd 
as poflible from all the injuries'of the'air/'^* 

The moifture, drynefs/ dehfity^hd'rarenefs of 
the air, may alfo caufe confiderable alterations in 
the motion of the pendulum. For when the air 
is moift, that is, when it is filled with a quantity 
of fmall particles of water, which remain fuf- 
pended in it, or when it is denfe or thick, the 
pendulum will find a difficulty in cleaving ir, and 
its vibrations muft . then be of much longer du- 
ration, than when it is dry or rare. For we 
know by experience, that a very light feather 
falls in a tube, out of which tht air has been 
pumped, almoft as foon as a ftone does in the air. 
But as we muft not judge of what is to happen 
on^ thefe occafions, without making the experi- 
ment if poflible, I have thought that if the moift 
and thick air can make the durations longer, than 
a dry and thin air, we fhould perceive a very 
great diflTerence between the motion of the pendu.* 
lam in air and in water. To know what it was, 
Inoade a pendulum of half feconds, with a ball 
of lead weighing 2 ounces, which was fufpeqded 
*by a' fine thread, and I put it in motion in the 
•water. I obferved, at firft, that the great vibra- 
tions were quickly ftiortened, and that the motion 
fchfibly diminiflied after a little more than a mi* 
nute. ' But, as I was perfuaded, that thefe vi- 
bmtions in the water muft be at leaft each of chem 
a-rfi^cond, which were but i a fecond in the air, 

-Vol. II. N^ 15. P I 
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I was very much forprifel to find, that rfiey ap- 
peared to me aliTioft as quick^ or of equal dura^ 
tion, with thole which were made in the air. To 
raeafure them exaftly, I caofed the vibrations of ] 
the clock pendulum of feconds to be counted^ 
during one minute, and at the fame time Icoun* i 
ted the vibrations of the penduJum of half fe- 
conds, in the water of a great broad veflfel^ where 
the ball was im merged about half an inch, and 1 ; 
found, after having fcveral times repeated the 
fame experiment, that the pendulum in the wa- 
t^r made but 112 vibnitions inftead of izo, which ; 
k Ibould have made in the air, in one minute* 

I made alfo the fame experiment with a (ingle- 
pendulum of feconds, the ball of which was of ] 
lead, and weighed 5 ounces, and I foundj as in 
the other, that the great vibrations continued buE 
a very little while, and that the pendulum almoft * 
Slopped entirely, after 2 minutes. But 11 made ) 
no more than 1 14 vibrations in the water, whilft ' 
the pendulum of the clock made 120 in the aic 
in two minutes. Thus the retarding caufed by 1 
the water in the vibrations of the pendulum, is ^ 
g^' in a minute, I could have been glad to make 
the obfervations of thefe differences of vibrations 
in the water and air for 20' or 30', to know mor^e j 
exactly thtir difference, and to fee what propor- 
tion there was in the retarding of the vibrations in 
the water, in thefe pendulums of different lengths,] 
but I could not proceed any farther. 

As a pendulum of feconds lofes in the water] 
3^' in a minute, it would lofe in a day 4320^* But! 
if we fuppofe, that this diminution of the motion 
of the pendulums, comes from the denfity of the 
midium i and if the air is denfe by the weight 
with which it isloadtid, without having regard to' 
tlie quantity of particles of water mixed in it, it 

wOl 
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will follow, that if ihc weight of the air changes 
only ^%^ as is pretty often obferved in the baro- 
meter, ag ^f 4320" of retarding the pendulum m 
the water for one day, which is 154", will be the 
diminution or retarding of the clock in the fpacc 
of a day, with regard to thefc two different ftatcs 
of the air. But we have never obferved fo great a; 
difference as that in pendulum clocks 1 we cannot 
fey therefore, that the different weigh ts» with 
which the air may be loaded, can caoic its diffe- 
rent denfiriesi or clfc we muft confefs, chat its 
different denfities have not the fame effeft on the 
motion of the pendulum, as the denfiry of the wa- 
ter has, which may proceed from the different 
<onBguration of the parts of thcfe two bodies^ of 
which thofc of the air, tho* very clofe and compa6k, 
may be ealily feparared ; and, on the contrary, 
thofc of the water not without great difficulty, 
being adherent to each other. We may add al* 
fb, that the laft vibrations in the water, being 
fhorter than the firft, go fafter* 

It would be for this reafon alfo, that the air, 
tho' filled with particles of water, would but lit- 
tle, jf aft all, retard the motion of the peodulumi 
bccauJe all thcfe panicles not being conncdedi 
but quite feparated by the particles of the air, 
maybe very cafily difplaced between the particles 
of the air, wherein they float. 

But if thefe particles of water da not retard the 
ftioiion of the pendulum, by the difficulty of be- 
ing difplaced, they may caufe a confidcnblc al- 
teration by another mean. If the air, fr 0:11 being 
<lry» becomes moift, it is certain tliat a very 
great quantity of thefe particles of water muft 
ftick to the furface of the rod, and of the weight 
of the pendulum, and they may even penetrate 
ihein a little \ and they will confequently make 

P2 a 
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a fort of covering upcn the rod and lentU of the 
weighty wliich wil] have its centre of ofcillation 
'different from that of the compound of the rod 
and weight ; wherefore the centre of the ofcil^ 
]atlon being then different from what it was be 
fore, the duration of the vibrations will not 
the fame as it was. Not that we can in any dc 
gree remedy this accident, in ufing for a pendt 
km a cylinder with a very fmall bafe, which ii 
homogeneous in its whole length, and being fuCi 
pended by the extremity of its ams^, would ver 
near have the fame point for the centre of ofcift 
lation of its furface and of its body, and confci 
quendy whatever alteration happened to this ftiM 
face, provided it was equal in all its parts, 
motion of the pendulum would not be fenfiblj 
altered. It would be the fame thing, if inftead 
of a cylinder we made ufe of a parallelipiptd 
and provided it be alfo fufpendcd by the extre*" 
mity of its axis. 

Laftly, if the cycloid was ill made, it might 
caufe new irregularities in the modon of the per 
dulum, according as its vibrations fliould be Ion 
ger or fliorter, of which feveral .others, woul^ 
be formed, by their combination with the firft. 

As for the different lengths of the pendulur 
in diffi:rent climates, it feems to me, that fomc 
nm rks might be made upon it ; for M, PkarM 
had oblcrved, at Uranibourg and at Bayormi^ 
where I was witli him, that the lengdi of the lim- 
ple pendulum of feconds, was exjflly the fame 
as ;:it Par is. Great attention was given to this 
obfcrvacion of Baycnne^ becaufe it was known 
what M. Richer had related at Cayenne. Urai 
nibour^ and Bciyomu are ditlant from each Dthc 
in latitude more than 12'^i and between Ba^ 
ymm ind Cffycmu\ the difference of latitude is 

38* 
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}8^, for Cayenne is almoft at 5^ of N. lat. 
which, gives only a difFerenge almoft triple of the 
firft, for which we find \ of a line of dimi^ 
nution of the length of the pendulum. We 
muft therefore conclude, that this difference of 
length does not become very fenfible, till we 
approach the line. 

But feveral years afterwards M. Fariny des 
hayes^ andV^ Glas^ having been fent towards ^ 
the line, to make fome aftronomical obferva- 
tions there, found that in the ifland Goree^ which 
ii.in 14^ N. lat. the length of the fimple pen- 
dulum at feconds, ought to be 2 lines Ihorter than 
inii/T<?>!^^^.r.The obfervations made at Cayenne 
txAJaoree^ leave no room to doubt of their be-, 
ing': made;. with great Certainty and exad;nefs in 
^Ur.the'.circumftances. However, if we would 
have^ concluded this^ difference of the length of 
-lije^p^Adulum for Goree by that of Cayenne^ we 
ffipuld. have' faid' that of Goree ought to be 
only about ^ of a line fhorter than ac Taris^ 
whereas by the obfervation it is 2 entire lines. 
On the contrary, if we had concluded that of 
Cayenne from that of Goree^ we Ihould have faid 
about 3 lines, and it is found to be but ^ of a 
line. 

^ Thefe great differences cannot^ by any means 

agree ^with the i&y^/i^^/^j, which M. Mariotte 

. has'»/ormed in his Traile du mquvement des eaux^ 

^^and Ml^HuygenSy, in his treatijeof lights and we 

;niuft\feek*foc' others to explain, why the length 

,of,the* pendulum is the .fame in the latitudes of 

55^ 4>*^^^i43lTii *why,it is. 2 lines (horter in* 

14^ f ;" and^ w.hy4at*5''., it is only ^ of a line 

fliorter. But m^ight.we not fufpeft, that this 

different length of the pendulum is not real, but 

only apparent, mid that it comes only from, the 

\-. . mca- 
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mcafurc that we have made ufe of. For it 

very true^ that metals, and all bodies in general J 
ane extended confiderably by heat, and contrafte 
by cold, M. Picard fays, thac in the length 
a foot, he has obferved a prolongation of % 
a line ; and confequcntly it fhoyld be \ of 
line in the length of the pendulum, whereas 
have found it but f of a line. This difference^ 
might come from the different ways, in which 
the obfer vat ions were made ; for M, Picard hav- 
ing expofed bodies to the froft, put them after-«| 
wards near the fire^ and for my part, I only ex- 
pofed them to the fun the fummcr following.- 1 
Wc might therefore fay» that towards the \im\ 
and between the tropics, where the heats are ver 
great, metals extend and lengthen very confide* 
rably, beyond what they do in thefe countries i\ 
and perhaps alfo by a particular caufe of theva-« 
pours and exhalations, which penetrate rhem^ atj 
we know they are very penetrating in ihofe'- 
countries -, and la Illy, more at one time than 
another, and more in one place than another,^ 
Wherefore thefe caufes of extenfion^ which are" 
not confiderable in thefe countries, may be very 
diffcirent at Gorie and Cayenne^ -mf^ at different ■ 
times ", for we are perfuaded, that towards the " 
tropics, the beats are much ftronger than towards 
the line. And if the iron rod of 3 feet, mea- 
fured at PariSj at the time of M. Richer*^ dc** 
pirture, was prolonged ^ of a line at Cayenne^ 
he muft have found the length of the flmplefl 
pendulum at feconds, mea fured with this rod, " 
ihorter than at P^rfj by ^ of a line, tho* in rea- 
lity k was (he fame in both places. In like man- 
ner, if at G or iff the meafure was prolonged 2 
lines more than it was at Paris^ the length of the 
fingle pendulum at feconds, would^ have appeared 

iliorrer 
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f^^ than at Paris^ by 2 lines. This lecmed 10 
q^ the mofl: probal^lc about this pluenomenond 
if k was fo, the univerfal meafure of the pendu-* 
lum wou]d remain always the fame, oyer all the 
«aFth» and the particular meafures fhould be re-* 
gjokced by this meafiire, taking the length of 
the finople pendulum for 3 feet, or i a toife. 

yifi examination of the demonftration^ wbicb Mejf. 

Mariotte and Huygens give of the different 

lengths of the ftmple pendulum pf feconds^ in 

different parts of the earth. 

We have here, according to M. Mariotte^ 
only to demonftrate, whether bodies fall more 
(lowly under the equinodlial than any where 
elfe; and whether they fall fafter as they ap- 
proach nearer to the poles. This is what he 
propofes to do in his Traiti de mouvement des 
eaux^ p. 245. fuppofing the motion of the earth 
about its axis. 

- . He fays, the motion of the earth gives the 
air an im predion, which makes it endeavour to 
fly from its axis^ with a velocity proportionable 
to that of its motion ; and that this motion being 
greater towards the equinodial than towards the 
poles, the effort which it makes towards the 
cquinoftial, is greater than that which it makes 
towards the poles ; and it is from this different 
effort, that he concludes that the bodies, which 
are in tfie air, are repelled and driven from the 
earth with more force near the equinoftial, to 
hinder them from falling, than when they are 
near the poIeS. 

This reafoning of M. Mariotte^ is founded 

only upon the luppofition that the air, which 

furrounds the earth, is repelled from it by its mg- 

^tion about its axis-, having perhaps been per- 

fuaded 
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fuadcd of this cffc£t by a common cxperimenf ,* 
that if we move an irregular body in the air, 
the air b^ing ft ruck by its inequalities, endea- 
vours to fly from the body in lines perpendicular, 
to the motion of the body-, but it feems to me, 
that the fame thing cannot happen to the globe of i 
the earth J Tuppofing jts daily motion about it* 
own ^xis, j-r/ - - • 

For in the 'firft place there is too little earth, 
and the inequalities of it are too fmall, in pro- 
portion to the fmooth furfaces of the waters, to 
part the air fcnfibly from the 'earth, and confe- 
ijuencly the Ible motion of the fufface of the 
earth would make all tTie' bodies of this fur- 
face fhock the air with 'as great a veJocl 
ty, as that of thefe bodies* which we mighi 
take for a very violent wind from E. to W^ 
which however would have no determination to J 
fly from the furface of the earth, and the parti- 
cular caufes of the winds could not have forcci 
enough to refift it* If we perceived betweei 
the tropics any motion from E. to W, thci 
are very often great calms alfo ; and we might] 
give other phyfical reafons for this motion, be- 
Ildes that of the earth ; and moreover, what pro- 
portion is there betw^een the velocity of this wind^j 
and that of the fur face of the earth, which tra-j 
Ve!s 9000 leagues in a day. 

It muft therefore be allowed, that the atmo-' 
fphere, which encornpafles the earth on all fides^ 
makes as it were but one body with it i and in 
the fuppofuion of the motion of the earth about its 
tfjf/j, the atmofphcre is carried along as its fur- 
face. Whence it follows, that a ftone, which 
fhouki fall in this atmofphere, would not 
ccive any imprelTion from the 
earth, as it would happen to a 
3 
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fell in a veffel full of water, whilft the veffcl 
fliould be carried along by a very quick horizon- 
tal motion 5 for there is no doubt but this ball 
would fall to the bottom of the veffcl in the fame 
place where it would fall, if the veffel was ac 
reft, finde the water contained in the veffcl is at 
reft there, with refpeft to the mafs of water, and 
the fides of the veffel whilft it is in motion. 

And if it was poffible for the air to be thrown 
off from the furface of the earth, by the mo- 
tion of the earth, as M. Mariotte fuppofes, whe- 
ther by a tangent, which would fly off from E. 
to W. or by a radius of the centre towards the 
circumference, the weight of the pendulum, which 
defcends and rifes again in the fame vibration,which 
goes on one fide in one vibration, and on the o- 
ther in the other, will always be as much accele- 
rated in afcending, as retarded in defcending, and 
as much accelerated on one fide, as retarded on 
the other \ whence it follows, that no alteratioa 
can happen from this caufe in the duration of the 
vibrations of the pendulum. 

But in fhort, if we Ihould allow M.Mariotte all 
that he pretends to conclude from his bypotbefis^ 
it would always follow, that for the neareft de- 
grees to the poles, the augmentation of velocity of 
the motion of the pendulum would be much greater 
than for the degrees towards the equator ; fince this 
augmentation would be in the proportion of the di- 
minution of the motion of the matter, which would 
be that of the fjnes of the complement [of the de- 
grees of latitude, which diminifh much fafter as we 
approach the poles, than towards the equator, which 
is contrary to the obfervation made at Uranibourg^ 
and at Baj/onne^ and alfo contrary to the irregulari- 
ty, which is found between Cayenne and Goree. 

As for M. Huygens^ who did not print his 
ireaiife of ligbtj till fcveral vears after M. Ma^ 

Vol. II. N^. 15. qJ riotu\ 
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riotteh Mouvement des ioux was publiflied, 
fays, we canmi quefiion its being a ftgn ibat h 
dies defcend more Jlowly near the equimSfial $baA 
in France. This is alio what M, Mari&fie had 
fuppofed^ and for his demonftracion he adds, tha 
he found as foon as ever ibis new phsenomenon 
was communicaiedto bimj ibat the caufe of it mighi 
be referred to the motion of the earthy which being 
greater in each country^ according as it approached 
nearer ta the equimdiial Une^ muft produce 
greater effeSi in throzving off bodies from the centreA 
and thereby taking from them a certain part of 
their gravity : It is eafy co fee, by his owr 
words, which I hav^e juft related^ that he makel 
ufc of the fame by poi be/is with M. MariotteA 
and he afterv/ards determines the quantity of thQj 
diminution of this effort by his third theorem dA 
^i centrifuga. Wherefore all the reafons which iJ 
have related againft the explanation of this pk^A 
nomenonhy yi.Mariotte^ would alio ferve as welij 
asthisj which concludes only the fame thing fromj 
the fame principle. Whence* I fay, there mufti 
be fome other caufe of this effeft, which does not j 
depend on the morion of the earth. 

As for what regards the obfervation, it feems| 
very eafy to be done, fince we may count the vi- 
brations of the fimplc pendulum for one hour,! 
where it always continues in motion after it has j 
been once put in morion, and that if the pendu- 
lum was to be two lines fhorter, that which fhoukl 
be two lint^s longer would make in an hour about i 
8 vibrations Icfe than the oihcr^ which is a very 
great difference to be miftaken in. It will be the 
fame tiling in the other lengths in proportion* \i 
muft however be obfervcd, that if a thread of 
the pitta^ or filk grafs, be made ufe of to fullain 
the weighr, let this thmid t e ever lo ilender^ it 

is 
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is always fiat, and ic happens, that the laft vibra- 
tions ufually become turning, from being ftrait aa 
they were at firlt, as I have tried, becaufe this 
thread cleaving the air obliquely in its motion, 
turns the pendulum one way in going, and ano- 
therway in returning, which gives it by degrees a 
determination to turn. I have alfo obferved, that 
thefe laft turning vibrations, which ought to be 
fliorter than the firft, becaufe they are or lefs ex- 
tent, are of longer duration than the ftrait ones, 
which may impofc in the obfervation. And if 
M. Picard has had regard to thefe turning vibra- 
tions, and thefe other gentlemen, who have ob- 
ferved near the line, have given no attention to it, 
they will have found much fewer vibrations in an 
hour in the fimple pendulum, which turned a 
little, than there ought really ro be, if the vibra- 
tions had not turned; and this will have made 
them judge, that the pendulum was to be Ihortened 
in order to make its vibrations in lels time. 

I fhall now give an example of what I faid be- 
fore, that there are not fuch great alterations ob- 
ferved in the motion of the pendulum of the 
clock, aS ought to happen from the different con-, 
denfations of the air. 

Obfervations on the barometer, and on the 
conftitution of the air, from Nov. 22, to Nov. 
29, 1703, in the morning. 

Inches, Lines, 
Nov. 22 barometer 



23- 
24- 

25- 
26- 

27- 
28- 
29- 



27 


46 foggy weather. 


•27 


I rain. 


■27 
.27 

-28 

■27 


3r ram. 
9t fair, 
if a thick fog 
III a thick fog. 


■27 
27 


96 a fog. 
7« fair. 
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I have found, by the obrervatioos on the furl's 
paflkge thro' the meridian, and by the equation 
of the clocks that between the 23d and 25th, when 
the barometer was very low and at a mean height, 
and the weather partly rainy and partly fair, that 
the dock had gained upon the mean morion of 
the fun 9'^ I in a day ^ and that between the 25th j| 
and 26th, when die barometer wiis very high, ' 
which fliewed a very great condenfation of the 
with a very thick fog, that the clock had 



air 



gained but €\ which would fhew :? retardation 
of the motion of the pendulum of 3'^ \ in a day. 
But from the 26th to the 29th, when the baro* 
meter was always pretty high^ with a great deal ^ 
of fog, the clock had gained 9" in a day. Whence % 
it is eafy to fee, that for a very great difference in 
the confticution of the air, when its weight joined 
with the fog ought to have greatly retarded the 
motion of the pendulum, as I have btrfore ob- 
ferved^ it was found however to be but a few 
fcconds, which might be afcribcd to other par* 
licularcaufes. 

IX. A Td^ U raife a great veff'el upon the 
kaJd^ as it is conjlruBcd in the port of 
Toulon, ivitbout making ufe of any ma~ 
chines^ by M. de la Hire *. 

There mufl be on each fide of the hold a trench, 
in which the water is every where about fix feet 
deep, and large enough to contain fmall vefiels 
or barks according to rhcir bread'h; and theie 
velfels, if ever fo much loaded, muft draw no 
more water than the fix feet in the trench. 
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The great veffel, "which we would raife upon 
the hold, having been drawn againfl: the hold, 
we muft place on each fide 2, 4, or 6 of the 
little veffels, as many as fhall be neceflary for 
the following operation, and fill them with as 
much water as they will bear without finking. 

Then place great mafts acrofs the breadth of 
the great veffcl, pafling beyond both fides, to be 
fuftained upon treflcls placed, and retted upon 
the deck of the fmall veffels t- The mafts 
muft be well fattened to the body of the gr^at 
vcffel, either with chains or cables, embracing it 
underneath, and fattened to the matts or other- 
wife. 

Which being done, begin to empty all the wa- 
ter out of the fmall veffels, which will proportion* 
ably rife towards the furface of the water ; and 
railing the mafts with them, will raife the body of 
the great veffel as high as they rife themfelves. 

In this ftate, the great veffel may be brought 
forwards with the fmall veffels, without any diffi- 
culty, till it comes to the hold, upon which it 
will be raifed according to the elevation of the 
fmall veffels, and relied upon the hold in that place, 
in fuch a manner, that it cannot fall or flip to- 
wards the foot of the hold, when the fmall vcflcls 
fuftain it no longer. 

Which being done, fill the fmall veflels with 
water, as at firft, and place other treffels than the 
firft, being high enough to touch the mafla, 
which crofs the great veffel. 

Now, if you empty the water out of the fmall 
veffels, they will rife, and alfo raife the mafts as 
they did at firft ; and confequently they will alfo 
raife the body of the great veffel, to which the 
mafts are faftened, in fuch a manper, that the 

t Place II. Fig. 4, 
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great vcffel will no longer touch the hold at the 
place where it was, and it ihall be drawn againft: 
the hold, as it was at firft ; but it will be much 
more elevated. It will be kept alfo in this place 
by means of the great cables fattened on the top 
of the hold. 

By this means, repeating the operation as often 
as fhall be neceOary, we may make the vefTel 
rife ab6vti •cbe hold, and draw it entirely out of 
the w^ter, provided the quantity of water, with 
which the fmall veffels are fiUcd, is equal at lead 
in bulk to that which the great veflel occupies at 
firft, before it begins to rife upon the hold. And 
as we may eafily meafure the fpace or bulk, which 
the great. Ycfici occupies in the water, we fhall 
have by thi^ means the magnitude and number of 
the fmall veflels^ to be ufed in raifmg the great 
Teffcl. 

When I faid the trenches on both fides of 
the hold ftiould be fix feet deep in water, it 
ivas only to cftablifli a mean meafure ; for if 
the water is deeper, we may ufe larger barks to 
raife the veflel ; and if it was not poflible to 
make them of this depth, they muft be broader, 
and in. greater number, that is, as many as the 
length of the veflel would permit, being ranged 
on one fide, .according to their length. 

It muft fee obferved, that, vj^en the veflel has 
begun to rife upon the 'hold, the fore-part will be 
more elevated than the back-part ; wherefore the 
fmall veflels, which ftiall be placed on the fide 
towards the fore-part, mufl: have higher treflels to 
fupport the mafts in that place, than thofe which 
are towards the hinder part, that the whole body 
of the veflel may rife in the fame inclination, in 
which it. was placed on the hold. 

It 
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It will be alfo very neceffary to put a cradle 
under the veffel, to keep it upon the hold, with- 
out leaning to one fide or the other, and to de- 
fend it from accidents, which may happen to tc 
from its own wei^^ht. 



•o* 



X. A dejcription of the heart of a Jia 
tortoife^ by M. Mery *. 

The vital parts of this tortoife were contained 
tc^ether with the natural parts in the fame cavity. 
The lungs occupied the upper part of it entirely. 
They were faftened to the back, from the neck 
quite to the tail ; the heart was placed in the fore- 
part, and the natural parts behind. There was 
no- diaphragm to make a partition between them. 

The heart of this tortoife was however inclo- 
led in a pericardium, to the bottom of which it 
was faftened by three little flefliy ligaments. This 
pericardium was full of a liquor as clear and 
tranlparent as the pureft water, in which the 
heart of this animal was bathed. Its figure was 
conical, it was 2 inches long, and 6 lines broad 
or thereabouts. On the infide it was divided into 
3 ventricles, one was placed to the right, the 
other to the left, and the third in the middle, 
under the right ventricle. 

The left ventricle was feparated from the 
right by a, flefl^ partition, which had towards 
the iajis of the heart an oval aperture, pretty 
like that which is found in the partition that di- 
vides the auricles of the heart of the human fostus. 
This partition was alfo pierced by a great num- 
ber of little holes, by which, as well as by the 

* ExtraSied from the regijien of the royal academy of fii- 
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oval aperture, thefe 2 ventricles communicate to- 
gether. 

There were upon this ova! aperture two de- 
prellcd valves \ but as in this ftace they did not 
fhut entirely, they could only in pare hinder the 
blood from paffiog out of one of thefe ventricles 
into the other by this hole. 

The right venmcle communicated alfo with 
the middle one by another aperture. This was 
5 or 6 lines long to 3 or 4 broad, in the mid-j 
die of its length. In this paflTage from one t^l 
the other* there was no valve ; and as this fc-| 
cond hole of commanication was in a manner asl 
long as the ventricle of the middle one was deeppi 
we can confider this only as a continuation of the] 
right ventricle, from which it was difiinguiihedi 
only by a little contraftion. The fibres, of which , 
thele 3 ventricles were compofed on the infidcij 
not being clofely locked againll each other, formed] 
a fort of flefhy fponge in their capacity. The,! 
left ventricle was equal to that of the middle 
one \ but the right ventricle ftenied alone as bigi 
as the other two taken together. 

Three trunks of arteries proceeded from the 
hqfis of the heart of this tortoife. Two of tl^efe 
arteries had thtir outlets into the right ventricle, 
and the third into the middle ventricle* Thefe 
3 veffcls had each of them no more than 2 fig- 
inoidal valves at their apertures. 

The 2 trunks of arteries, which p:irced from 
the right ventricle, had their diameters almoil 
equal , they were both compofed of 2 plans of 
fiefliy fibres, very vifible, and lying one upon 
another The fibres uf the outer plan were dilpo- 
fcd according ro the length of thele 2 arteries, 
ihofe of the inner plan feemed to be circular. 

I Thefe 
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Thcfe 2 plans of fibres were not fenfible in the 
diird trunk of an artery, which derived its ori- 
gin from the middle ventricle 5 but the capacity 
of this alone was ahnoft as great as that of the 
two others taken tc^ether, and its membranes alfo 
were lefs thick. 

Of the 2 trunks of arteries, which proceeded 
from the right ventricle placed one by the fide 
-of another, the right advancing forwards divi- 
. dcd immediately into 2 great branches. The 
firft going in a right line towards the neck di- 
vided into 2 others, and each of thefe into 2 
feranches, 2 of which were extended into the an^ 
^crior fins ; thefe made the axrllaries ; the 2 others 
piaced between the firft went to the head, and 
ibrmed the carotids. 

The fecond branch, bending on the right- fide, 
paffed under the right branch of the trachea^ after 
*which it Aid between the lungs, to gain the hinder 
•part of the body. Taking this courfe, it gavne 
branches tQ the kidnies, the bladder, the parts df 
generation, and the pofterior fins. By this di^ 
ftribution of the arteries, it was very eafy for 
me to judge, that this firft trunk was that of 
the aorta^ tho* it parted from the right ven- 
tricle. Its capacity was a little bigger than that 
of the artery, which I am going to defcribe. 

The left trunk formed on its own fide the 
farme bending which was made on the right by 
the pofterior branch of the aorta^ and followed 
the fame courfe. This trunk did not fend any 
branch into the anterior parts of the body of this 
tortoifc. It divided only beyond the liver into 3 
branches, of which the firft fupplied the place 
of the coeliac, the fecond of the mefenteric, and 
the third pafling from left to right, reunited with* 
the pofterior branch of the aorta, as the arterial 
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canal of communication does in the huxnzn fatfus. 
And it is for this reafon, that I have called thi» 
fecond artery the canal of communication, to 
diftinguifti it from the trunk of the aorta. 

The third trunk, which drew its origin from 
the middle ventricle, made the body of the pul- 
monary artery. This trunk divided into 2 con- 
fiderable branches, which formed to right and 
left bendings like thofe of the pofterior branch 
of the aorla, and of the canal of communica^ 
tion. Both of them paffed under the branches 
of the afpera arteria^ to go one to the right» 
and the other to the left lobe of the lungs. The 
circuit of this third trunk was almoft equal to 
that of the aortas and of the canal of communi- 
cation taken together. Thefe 3 arteries were 
joined together by their exterior membranes, 

* from the heart, to their divifion into branches.* 
• All thefe roots of the veins of each lobe, of 
the lungs uniting together, formed at their coming 
out of the lungs a vein on each fide, the capacity 
of which was half as big as that of the 2 pul- 
monary arteries, which deferves attention. Thefe 
2 veins went to the left auricle, at the outlet of 
which they joined together by their extremity, 
without forming after their union a canal, which 
had alone the capacity of thefe 2 veins taken to- 
gether ; thus they did not form any trunk, each 
of them poured the blood which it brought, im- 

. mediately into the capacity of this auricle. 

The veins, which brought back to the heart the 
blood of all the other parts of the body, did the 
lame ; fo that there was no fingle trunk, to which 
alone we can truly give the name of vena cava. 
For tho* in appearance they all formed by their 
union a crooked canal, joined to the auricles by 
its convex parr, to the liver by its concave part, 
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the middle of which anfwered to the aperture of 
the right auricle ; yet this canal, in this place, 
feemed a little narrower than in its lateral parts. 
Thefe 2 parts therefore made 2 diftinft trunks, 
feeing in the place of their union fhey did not 
form a du6t, which had alone the capacity of 
both joined together. The blood of both of 
them flowed immediately into the right auri- 
cle. The axillary veins, which opened into thefe 
2 trunks, were filled with flefhy fibres, which 
formed, by their interlacing, a fort of tuft, of 
a wonderful ftrufture, of which there were fome 
rudiments in the conflux of the 2 vena cava. 

The right auricle had at its outlet 2 valves, 
which formed together an oval aperture 7 or 8 
lines long, and 3 or 4 broad in the middle. This 
aperture made the communication of the veins 
juft mentioned with this auricle. 

Thefe 2 valves are fo much more worthy of 
obfervation, as there was none at the inofculation 
of the left auricle with the pulmonary veins. 

Of the 2 auricles of the heart the right was 
the biggeft, its capacity feemed double of that of 
the left auricle, which is obfcrvable, as well as 
the difference between the capacity of the pulmo- 
nary veins and arteries to determine pretty nearly 
the quantity of blood which pafles thro' thefe vef- 
fcls, and its different velocity. 

Thefe 2 auricles were filled with flcfliy fibres, 
which being connefted together different "ways, 
formed a fort of little net, and alfo little cells, 
which were pretty deep. Thefe auricles were 
joined together on the ojifide ; but on the infide 
they were feparated by a particion, which was but 
I a line in thicknefs. This partition was partly 
flcfliy, and partly membranous. 

R 2 Its 
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Its membranous part, made in form of a half « 
moon, ruling perpendicularly upon ehe ^^j of the 
heart, united wiEh it, and divided it into two -, fo • 
that it divided the outlet of ihe right ventricle 
from that of the left. 

At the membranous part of this partition, two( 
femilunar valves were faftened and fufpended. 
Thcfe valves being depreffcd, one into the righCv 
ventricle, and the other into the left, partly clofedi 
the foramen ovak^ which made the communica- 
tion of thefe two ventricles. In this ftace^ theiei^ 
valves formed one cavity between them : being,- 
elevated they defer ibed a plane parallel to the bafis, 
of the heart, but in this (Ituaiion they could flop 
no rfiore than half the openings of the auricles- 
into the ventricles, becaufe of their being made in^ i 
form of a half moon. 

Of thefe two val^es^ that which poffciTcd th&j 
entrance of the right ventricle had no compa- ^ 
nion, but that which was placed at the outlet ofi 
the left ventricle, was accompanied by two others I 
much fmaller than itfelf ^ thefe had not the liberty f 
of rifing, v/hich the other had, bccaufe they were 
fattened to flefhy columns, which bound them 
within to the fide of the left ventricle. j 



XL jI defer ipt ion of the heart of a great A- 
merican lanJ tortoife^ with refleBions upon 
that ofM. du Veniey *j by the fame. 

The figure Af, which reprefents the heart of 
the Ameritan land-tortoife, reverfed in the fore 
part, with the auricles and veins in their natural 
fnuation, rcfembles a kidney a lirtle flatted at the 
top and bottom \ fo that it is much more broad than 
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long* Ib baSfl :|: is a little concave^ and is natu-i* 
raHy turnedtawards the head ofthia aainaal^ 

Tlie vital and the natural parte are iaclofed in 
the fame cavity, becaufe there is no diaphragm to^ 
part them. M. du Vermy feems to me therefore 
to be miftaken, whtn he fays, that as the tortoiie 
wajts on its 4 feet, the heart is fiiuated in the 
upper part of the thorax^ above the liver. It is 
nattirally placed in the fore part of this cavity^, 
which c6ntainsallthfife parts together,; which doet^ 
not hinder the heart from being alone, and partis 
cularly inclofed in a pericardium. 

I have obfcrved 7 vcin« near the heart || ; the 
two caVieBB^ the two axillaries CC, the coro- 
nary D, and two other veins EE, which I call 
hepatic, becaufe they derive their origin only 
from the liver. The four firft are very confide-^ 
rable ; the other three are much lefe fo. 

The two vefji:e cav^e proceed from the hinder 
parts of the tortoife, from which they bringhach 
tlie blood to the heart. PaflSng by the liver, one 
to the right and the other to the left, they re-p 
ceive a great number of roots of veins from that 
bowel. 

Thefc two veffels do not form any particular 
trunk in the place of their cxmcourfe. Thei'e^ on 
the contrary, they feemed to have a little lefs ca- 
pacity than before their union, tho* the coronary 
vein and left hepatic come hithen The right 
axillary and hepatic open into the right vena 
cava an inch from the right auricle : but the left 
axillary joins itfelf only on the fide of the left 
vena cava, very near the entrance of this aurid^. 
They are the two axillaries, that the jugulars are 
joined to, which bring back to the heart the blood 
of all the anterior parts ; all thcle veins appear 

J Fig. I. g Fig. i. 
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to he merely membranous, their inner furface is 
as fmooth as the outer. From the known ftruc- 
tore of thefe veins, I draw two confequences a- 
gainft M. du Verney^s defcription. 

The firft is, that he has not been able to ftc 
aheut the heart cf thefe animals ^ a fort of refer » 
voir of an oblong figure^ and pretty like that of a 
blown bladder^ formed by the concourfe of fenferal 
veins. The fecond confequence is, that it is faMe, 
that this pretended refervoir is lined on the infide 
with flefhy fibres^ which crofs one another^ and in- 
terlace almoft like thofe within the auricles of the 
hman heart. Nor is it true, that the vena cava 
is lined in like manner thro" about an inch of its 
lengthy and the outlets of the ether veffels. 

Pig. I . which reprcfents the feven veins juft de- 
foribed, is a decifive proof, i. That the great 
refervoir, which M. du Verney fays is formed of 
the affemblage of thefe veins, does not cxift in the 
land tortoife of America. 2. That the texture of 
fieftiy fibres * exifting only in the axillary veins 
of the fea tortoife, it is evident, that the obfcr- 
tion made by this fkilful anatomift, is certainly 
taken from the obfervations which I made on 
thefe veins in 1685. 

The two pulmonary veins f FF do not form 
any more than the two cav^^ a particular trunk 
by joining together : on the contrary, the place 
of their union feems more contrAfted than any 
other part. It is therefore falfe, i. That they ^0 
to form a fecond refervoir^ much fmaller than the 
firft^ as M. du Verney fhews in his figures. And 
becaufe the inner furface of thefe two veins is no 
lefs fmooth than that of the ven^e cavce^ it is alio 
falfe, 2. That the bafon of his little refervoir is 
$lfofurnifhed on the infide with flepy fibres. The 

* Fig.9. t Pg- ?. 
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two refcrvoirs, which this Ikilful aivatomift repre- 
fencs CO us in 8 figures, and the texture of fielhy 
fibres, which he afcribes to them, are therefore 
at lad quite imaginary. 

The two auricles GG reprefent on their outfidc 
only one blind fack, lying tranfverfly on the i?^fis 
of the heart •, but this fack is divided on the la* 
fide by a partition I 4:, into two cavities of diffe- 
rent bignefs. This partition h fiefhy both in itt 
upper and lower part. 

The capacity of the left auricle * HH is fmal- 
ler by half than that of the right auricle KK-f. 
In both of them there are a great number of flefliy 
fibres. 

In the angle formed by the left auricle with 
the partition I, which feparates it from the right, 
there is an aperture L *, by which the pulmonary 
veins difcharge their blood into the capacity oif 
the left auricle. This aperture being narrower 
within than without, is one of the caufes that 
hinder the blood of thefe two veins from return- 
ing whence it came. 

But becaufe the outlet of the two ve^j^ cav^ is 
not alfo placed in the angle formed by the fame 
partition with the right auricle, which this angle 
.might contract \ nature has given this auricle two 
valves MM-f, which leaving only a fmall flit 
between them produce the fame cfFefl, that is, 
they oppofe the return of the blood from the 
right auricle into the vena cava, 

M. du Ferney .pYjiCGS thefe two valves at the out- 
let of his great refervoir ; but fmce it does not 
exift, it is vifiblc, tliat they belong to the right 
auricle, of which they occupy the entrance. 

I Fig. 3 and y. * Fig. 3. f Fig. $. 
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I have obferved ki the Americnn land tortoffe, 
ivliich I difleAed, 4 ventricks, which comoimii- 
cate with each odier by 3 ftraits, which make the 
feparation of them. To make a juft defcription 
cf both of them, I (hall regulate myfelf accord- 
ing to the courfe of the Wood, which tnvverfes 
them. 

The firft ventricle P*, which I odl the Wt 
ventricle, both on account of its Ikuatioh, and 
becaufe it receives the blood from the left auricle, 
communicates with the fecond y -f-, by the firft 
ftrait R, which I call the foramen ovale ; becaufe 
it pretty much refembles that of the human fcetus 
placed in the partition, which feparates the auri- 
cles of the heart one from the other, and becaufe 
It has the fame ufe. 

The outlet of the left ventricle is furiiiflicd with 
3 figmoidal valves NNN. That of the right 
ventricle has but one O. Thefe valves perform 
the office of the triglochine valves of the human 
heart. M. du Verney however tells us, there is 
but one valve at the entrance of the left ventricle; 
he is therefore miftaken in both. 

The fecond ventricle Q, which I call the 
right ventricle, becaufe it is fituated on the right 
fide, and receives the blood of the right auricle, 
communicates with the third S ||, by the fecond 
ftrait T. Above this paffage, in the right ven- 
tricle, there is a flefhy valve V, made in 
form of a half moon. This valve can (hut but 
a fmall part of this ftrait ; it has been hitherto 
unknown to M. du Verney, The valve O, de- 
preffed in tht foramen ovale^ which in this ftate 
permits the blood of the right auricle to enter into 
the right ventricle, has not efcaped his exaft- 

♦ Fig. 3. t Fig. 5. II Fig. 6. 
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pcfi ; but however, 3 out of thefe 5 valves have 
not come to the knowledge of this attentive 
anatomiit. 

The third ventricle S *, communicates with the 
fourth X **, by the third ftrait Y, 

Thefe 4 ventricles communicating together, 
and the left and right having no arteries to bring 
back the blood which they receive from the au- 
ricles, it is eafy to fee, that the blood of the pul- 
monary veins, muft.neccffarily pafs from the left 
ventricle into the right, and mixing with the 
blood of the vena cavie^ muft enter together 
into the third and fourth, to take the courfe of 
the arteries which part from thefe 2 ventricles. 

According to M. du Verney^ there are but 3 
cavities in the heart of the land tortoife of Amt^ 
rica ; but if we examine the heart of this animal 
itfelf, we ihall find 4, without reckoning the 
auricles. This excellent anatomift is no Icfs 
miftaken in the number of the ventricles, than in 
that of the valves, with regard to which, I (hall 
make the following refledlion, before I proceed 
to the arteries. 

Of the 3 valves NNN *t, which are placed 
at the entrance of the left ventricle P, the middle 
one, and the valve O *|I, fituated at the entrance 
of the right ventricle Q, can but partly clofe 
the foramen ovale R, by finking on each fide, 
and by rifing, partly fl:op the paflages of the 
auricles into thefe two ventricles in the land as 
wdl as in the fea tortoife. 

M. du Verney pretends, however, that when 
thefe 2 valves areraifed, they entirely clofe the 
inofculations of the auricles with the ventricles. 
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5ind that when they fall, they do not at all oppc 
the paffage of the blood from the kft ventrick 
thro' the foramen ovak into the right ventricle 
but neither of thefe obfervations agree with ex^ 
perience, Thefe 2 valves are faftened to %Y 
membranous part of the partitioa of the atiri-^ 
des, whirch falling upon the bqfis of the hear^ 
feparates the outlet of the left ventricle fron 
that of the right. 

From the bafis of the heart A *, proceed 3" 
trunks of arteries ^ the agria i > the canal of coti> 
raunication 2, and the pulmonary artery 3. Tt 
mria and canal of communication derive thei 
origin from the third ventricle S '\-. The pulmc 
nary artery 3 is derived troni the fourth ventricM^ 
X[|. Thefe 3 arteries have each of them but 2* 
figmoidal valves at their outlets, 

M. du Fermy and I agree, that three conjidera 
Mi arteries proceed fram ihe bafis af ibe hiar^ 
But as to the origin of thefe 3 arteries^ his obfc 
vations are very different from mine, tor he fay| 
iwo of thefe arteries open into tbi firft cai 
^f the hearty which by his own obfervations 
makes the right venxriclc, as it receives the klaod 
from the right auricle. Now I find^ that there 
goes no artery from this cavity, and thac tlie 
2 arteries, which according to him compolc tbtr 
mrta^ one of which, according to me, makes 
the canal of comniunicuion, tar from spcnm^^ 
into thefirfi cavity ^f the hearty as he prttcod^B 
proceed from the third ventricle •, and that the 
third artery^ which is that of (he lungs ^ P^o^ 
feeds immedidtcly from the fourth ventri*.lc, ai^^f 
not from the third cavity of the heari^ as Ii^^ 
p/etends. This miftake comes only liom lii^ 
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not having perceived, in. the land tortoife of 
Amerita^ the 4 ventricles which I have de- 
monftrated to the academy in the heart of this 

The tt-unk of the *t aorta, at about the di- 
ftatice of an inch from the heart, divides . itfelf 
itito a confidcrable branches ; one turns back- 
wards, the other forwards. The pofterior branch 
4, bending from left to right, crofles the an- 
terior branch 5, after which it continues its courfe 
towards the tail, and gives branches to all the 
pofterior parts of the body. 

The^ anterior branch 5 advancing towards the 
head divides into two branches, each of which 
fubdi vides into two others, which make the axillary 
arteries 8, 8, and the carotids 9, 9, which throw 
themfelves into all the anterior parts. 

The fecond trunk of an artery * 2, 2, 2, 2, 
which I call the canal of communication, bccaufe 
it difcharges a part of the blood which it receives 
from the heart into the pofterior branch 4 of the 
^(frta^ bending alfo backwards, but on the left 
fide, at firft crofTes this branch, and after having 
produced the coeliac artery 6, and the mefenteric 
7, it unites with it, and opens into its capacity. 

The pulmonary artery -j" 3^ which makes the 
third trunk, reprefented open, is divided into 
two confiderable branches, which crofs one ano- 
ther from their origin ; fo that the right paflTes 
into the left lobe, and the left branch into the 
right lobe of the lungs. 

The trunks of thele three arteries are of une- 
qual capacity. That of the canal of communi- 
cation 2, is a little fmaller than that of the aor- 
tat I, but that of the pulmonary artery ** 3, is 

•t Fig. 2 & 4. • Fig, 4. + Fig. 7. X Fig. 6. 

S 2 itfcif 
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itfelf almoft as big as that of the aorta^ and that 
of the canal of communication taken together, in 
both tortoifes. 

In the land tortoife, the pulmonary arteries 
have a capacity equal to that of the pulmonary 
veins. In the fea tortoife the pulmonary veins 
have a much lefs capacity than the pulmonary 
arteries. 

Jn explanation of the figures in plate III. 

Fig. I. A. The heart reverfed. 
B.B. The ven^e cav^e. 
CC The axillaries. 
p. The coronary. 

E. E. The 2 hepaticks. 

F. F. The 2 pulmonary veins* 
G.G. The 2 auricles. 

Fig. 2. A. The heart in its natural fituation. 
G.G. The auricles. 

1. Tht aorta. 

2. 2. The canal of communication. 

3. 3. 3. The pulmonary artery, and its. two 
branches. 

6. Thecoeliac. 

7. The mefentcric. 

4. The poftcrior branch of the aorla. 

5. The anterior branch. 

8. 8. The axillaries. 

9. 9. The carotids. 

Fig. 3. A. A. The heart. 

H. H. The left auricle open. 

L. The aperture of the pulmonary veins. 

N N N. The 3 valves of the left ventricle. 

P. The left ventricle open. 

R. The firft ftrait, or foramen ovale. 

6. Thecoeliac. 
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y. The mefentcric. 

I. The partition of the auricles. 

Fig. 4. 1 . The trunk of the aorta. 

t. 2. 2. 2. The canal of communication. 

4.4. The pofterior branch of the ^^r/iJ. 

5. The anterior branch. 

6. Thecceliac. 

7. The mefenteric. 

8.8. The axillaries. 

9.9. The carotids. 

Fig. 5. A. A. The heart. 
I. The partition of the auricles. 
K. K. The right auricle opened. 
M. M. The 2 valves of the inofculatiotn of the 
veins with the right auricle. 

0. The valve of the entrance of the right ven- 
tricle. 

Q^ The right ventricle opened. 

R. The firft ftrait, or foramen ovale, 

T. The fecond ftrait. 

V. The flelhy valve. 

Fig. 6. A. A. The heart. 

S. The third ventricle opened. 

T. The fecond ftrait. 

1. The ^^r/^ opened. 

2. 2. The canal of communicatipn opened. 

4. The entrance of the pofterior branch of the 
aorla. 

5. The anterior branch, 

6. The coeliac. 

7. The mefenteric. 
Y. The third ftrait. 

Fig. 7. A. A.. The heart. 
G. G. The auricles. 
X. The fourth ventricle opened. 
Y. The third ftrait. 
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3. 3. 3. The pulmonary artery with its tWo 
branches. 
Fig. 8. D. Part of the coronary vein. . 

E. The outlet of the veins of the right au- 
ride. 

F. F. The two pulmonary veins. 

G. G- The auricles. 

Fig. 9. reprefents the texture of the fielhy fitecs 
of the axillary veins of the fcatortoife. 
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I. An obfervation on the quantity of rain, which 

fell at the obfervatory^ with the heights of 
the thermometer and barometer^ in the year 

^7^3y'h ^' d^ 1^ Hire. 

II. New obfervations on the infcEts of orange- 

trees^ by Af. de la Hire. 

III. ^hat all the barometers^ double as well as 
Jimple^ which have been hitherto confiru£ledj 
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I IV. 
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Philosophical Discoveries and Ob- 
servations in the History of the 
Royal Academy of Sciences at Paris^ 
for the Year 1704. 

I. Of the eafthquakes in Italy. 

MMARALDl having communicated to thd 
^ academy fome accounts which he had re- 
ceived of earthquakes in lialy^ we will here col- 
left from them the greateft part of the natural 
philofbphy which they contained. 

The earthquakes in Italy began O£lob. 1702^ 
and continued till July 1703. The, countries 
i^hich fuffered moft by them, and where they 
began, are the city oi NorciUy with thofe depend- 
ing on it in the ecclefiaftical fiate^ and the pro- 
vince of Abruzzo. Thefe countries are conti- 
guous and fituated at the foot of the Apenninc^ oo 
die fouth-fide. 

The earthquakes have often been accompanied 
with terrible noifes in the air, and thefe noifes 
have beenalfo frequently heard without any earth- 
quake, even when the fky has been very ferene. 
The earthquake on Feb, 2, 1703, which was th'e: 
ftioft violent of them all, was accompanied, at 
lead at Rome^ with a great ferenity of the fky, 
and a great calm in the air. At Rome^ it lafted 
half a minute; and at Aquila, the capital of A- 
iruzzoj 3 hours. It overthrew the whole city of 
Aquila^ buried under its ruins 5000 perfons, and 
made great havock in the adjacent parts. 

Vol. 11. N^ 16. ^ Thd 
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The (bakings of the earth have- eommonly 
been from N. to S. or very near it, which ha$ 
been obfcrved by the motion of the lamps] in the 
churches. 

It made two openings in a field, from whence, 
with violence, iflbed out great quantities of ftones, 
which, having entirely covered it, nlade it bar- 
ren. After the ftoncs, there fprang up fuddenly 
from their openings two fpouts of water, whofe 
height much exceeded the trees of this country, 
which lafted a quarter of an hour, and overflowed 
the neighbouring countries. This water is whi- 
tifh, like foap-fuds, and has no tafte. 

A mountain which is near Sigillo^ a town 22 
miles diftant from Ajuila^ had a pretty largp 
plain on its fummit, furrounded with rocks, which 
were a kiod of wall to it- Since the earthquake 
of Feb. 2, in (lead of this plaia, there is a gulph 
made of an unequal breadth, the greateft diame- 
ter of which is 25 toifes, and the leaft 20. The 
bottom of it could not be found, tho' they went 
300 toifes deep. At the time when this opening 
was made, flames were fcen to proceed, out of it, 
and afterwards a very great fmoak, which lafted 3 
days with feme interruptions. 

At Genoa^ the ift and 2d of July, 1703, there 
were two fmall earthquakes. The laft was felc 
only by perfons who were at work on the mole. 
At which time the fea in the port fell 6 feet ; fo 
that the gallies in the Dar/e touched the bottom, 
and the fea continued thus low near a quarter of 
an hour. 

The fulphurous water, which is in the road 
from Rome to Tivolij diminiflied 2 feet | in 
height, both in the bafon and in the ditch. In 
many places of the plain, called // Tejlino^ there 
were fprings and rivulets of water, which formed 

im- 
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Jmpaffable marlhes, but all dried up. The water 
of a lake, called Inferno, diminifhed alfo 3 feet 
in height. Inftead of the old fprings, which 
ceafed, there came new ones about a league dif- 
tant from the firft ; fo that in all likelihood thofe 
very waters have changed their courfe. 

II. A difcovery of a Jingular property in the 
thermometer. "* 

It muft appear fomething furprifing, that when 
we cover the ball of the thermometer with our 
hand to warm the liquor, and make it afcend to 
the tube, this liquor begins to fall, and do.es not 
afcend above its firft level till after this fceming 
irregular motion, which is fo contrary to what 
might have been expefted. M. Amontons^ who 
fpoke of this, on the occafion of his new ther- 
mometers, refers this ipotion, whereby the liquor 
falls at firft, to the rarefadion which the heat of 
the hand caules even in the fubftance gf the glafs 
of the ball, before ic can caufe any in the liquor. 
The capacity of the ball therefore is augmented, 
and confequentiy the liquor in the tube finks, till 
it has received warmth enough to rife, hotwith- 
ftanding the increafe of the capacity of the ball. 

M. Amontons hath calculated upon ex^aft expe-> 
riments, how much the increafe of this /capacity 
may be, and he has found it to be but loooih 
part. This loooth part, by which the ball is aug- 
mented, and which is the quantity of the liquor 
which enters into it, or which finks, will become 
fo much the more vifible on the tube, the nar- 
rower the capacity of the tube is when compared 
with that of the ball. 

. T 2 III. 
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III. Of the caufe of the beat of liens. 

In ihe lion, the gall-bladder has ieveral plaits 
or folds, and from thence M. du Verney hascoor 
jeftured, that the bile being able to remain there 
a longer time, and exalt itfelf more, may per- 
haps be the caufe of the great heat of this animal, 
fiad of the continual fever which is afcribed to it. 

IV. On the figure of the extrados of a cir^ 
cular vanity of which all the arch-Jiones 
are in equilibrio with one another. 

A vault, or femi- circular arch, being placed 
upon its two impofls, and all the arch-ftoncs pr 
voujfoirs that compofe this arch being cut and 
placed in fuch a manner, that their joints being 
prolonged meet all in the centre of the arch, it is 
evident, that all the arch-ftones muft be in form 
of wedges, wider at the top than at the bottom, 
by virtue of which they bear upon and fqftain each 
other, and mutually refijl the effort of their weigh? 
which determines them to fall. Thearch-ftone in the 
middle pf the arch, which is perpendicular to the 
horizon, and is called the key of the vault, i^ 
fuftained on each fide by the two contiguous archr 
ftones, exaftly as by two inclined planes, and 
(:onfequcntly the effort that it makes to fall, is 
not equal to its weight, but is a certain part of it 
which is greater, as the inclined planes that fuftaiR 
it are lefs inclined ; fo that if they were infinitely 
little inclined, that is, perpendicular to the hori* 
zon, as well as the key of the vault, it would en- 
deavour to fall with its whole weight, would not 
be ai^.y more fupported, and would aftually fall, 
if the cement, which we do not here confidcr, did 
I no? 
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not hinder it. The fecond arcK-ftone, which isr 
to the right or left of the key of the vault, is 
fuftained by a third arch-ftone, which by virtue 
of the figure of the vault, is neceflarily more in* 
dined to the fecond, than the fecond is to the 
firft 5 and confequcntly the fecond arch-itone ia 
the effort that it makes to fall, exercifes a lefs 
part of its weight than the firft. By the fame 
reafon, all the arch-ftones, reckoning from the 
key of the vault, proceed always in exercifing a 
leis part of their total weight ; and, in fine, the laft^ 
which is placed upon a furface horizontal to the 
imppft, does not exercife any of its weighty or, 
which is the fame thing, does not make any ef- 
fiwt to fall, as it is entirely fupported by the im- 
poft. 

If we would have all the arch-ftones make ati 
equal effort to fall, or be in equilibrioj it is vifi- 
ble that each, from the key of the^vault to the, 
impoft, exercifing always a lefs part of its whole 
weight ; as for example, the firft exercifing |, 
the fecond 3-, the third j^^ &?r. there is no other 
way to make thefe different parts .equal, than by 
proportionably increafing the wholes, of which 
they are parts ; that is, the fecond arch-ftone 
muft be heavier than the firft, the third than the 
fecond, and fo on to the laft, which muft be in* 
finitely heavy, becaufe it makes nry effort to falli 
and a null part of its weight cannot be equal to the 
finite eiforts of the other arch-ftones, unlefs this 
weight is infinitely great. To apprehend this 
idea in a more fenfible manner, and lefs meta- 
phyfically, we need only refleft, that all the arch- 
ftones, except the laft, cannot let any other arch- 
ftone whatever fall without raifing themfelves ; 
that they refift thjs elevation to a certain point 
rictpr mined by the greatnefs pf their weight, and 
' by 
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by the part of it that they exercire, that only the 
laft arch-ftone can let any other fall, without ri-j 
fing in fome manner, and only by (lipping hori- 
zon tally i that the weights, fo far as they are finitejj 
bring no refiiknce to the horizontal motion, and 
that they do not begin to bring any that is finite^ 
till we conceive them to be infinite* 

M, de la Hire^ in his Treat tfe vf Mechanicks^ 
printed in 1695, has demonfl raced what is rhe 
proportion, according to which the iveight of 
the v&ujjoir of a f^mi- circular arch inuft be en- 
creafedj that they may all be it e^uilitrio^ whict 
fe the fureft dffpofition that can be given to 
vault, to render it durable. Before this, the ar 
chitefls had not any exaft rule, and were onlj 
guided by trying. If we reckon the degrees of s 
quadrant of the circle from the midtJle of the "^ 
key of the vault to one impoft, the extremity of 
each VQuffoir wiil belong to an arch as much 
greater, as it fhall be farther diftant from the key; 
and according to M, ^^ [a fiirc^s rulr, we mutt 
entreafe the weight of an arch-ftone abo^e that of 
the key, as much as the tangent ol the arch of 
this 'EJ^i/^/r exceeds the tangent of the arch of h;ilf 
the key. The tangent of the laft votiffoir neccf- 
fdrily becomes infinite, and confcquenity its weighty 
alfo; but as infinity has no place in praflicc^ il| 
is reduced to charge the laft arch* ft ones as much 
as poffible, that they may refift the eEuirt that the 
vault makes to fcparate them, which i^ called the 

M. Parent has inquired what 'fliould be the 
outfide bend or exirados of a vault, of which the 
intrades fhould be circular, and all the arch-ftones 
in equilibrio^ by their weight, according to M. 
di la Hire*s rule i for it is plain, that all thefc 
arch-ftones, unequal in a certain proportion, make 
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on the outfide a certain regular curve. He found 
it only by points, but in a very fimple manner 5 
fo that by his method we might eafily enough 
build a vault, of which we (hall be fure that all , 
the arch-ftones will be in equiiibrio. 

A confiderable effcft of the inquiries of M. Pa- 
rent is, that he has at the fame time difcovered 
the meafure of the (hoot of the vault, or what 
proportion this ftioot has to the weight of thecnitirc 
vault. We only knew tliat this effort was very 
great, and oppofed great maffes of ftoncs, or 
butments, rather too ftrong, than too weak, 6ut 
we did not know exadbly what medium to cb^ 
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JpHiLosotHiCAL Memoirs of the RoVAIj 
Academy of Sciences, at Parh^ for 
the Year 1704. 

t. An obfervation of the quantity of rMi 
which fell at the obfer^atory^ with ^ 
heights of the ther?nometer and banm^ 
tety in the year 1703, by M. de laHiit *i 

WHEN I undertook to make exadtob- 
fervations on the quantity of rain-wa- 
ter which fell at the obfervatory in the courfe of 
a year^ I had no other view than to draw from 
thence fome knowledge of the original of fpring^ 
on which I have made fome remarks, and frofflf 
whence I have drawn confiderable advantages for 
the conftruftion of cifterns, as I have related in 
the memoir which I read to the publick affembly 
of the academy, the i8th of Aprils ^703. But 
as we are perfuaded by mod obfervations, that it 
does not commonly rain but when the air be- 
comes lighter, which is known by the falling, 
of the quickfilver in the tube of the barome- 
ter ; I thought that I ought to add to the ob- 
fervations of the rain, thofc of the barometer^ 
and relate at the dime time the heightof the ther^. 
mometer, to know what has been the degree of 
heat or cold, when there has been more or lefs 
plenty of rain. I have compared thefe different 
heights of the thermometer, with thofe wherein 
* Jan. 9, 1704, 

it 
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it always remains in the bottom of the caves of 
the obfervatory, which I look upon as the mean 
hieat and the mean date of the thermometer^ 
filled with fpirits of wine, which I make ufe of, 
and this height is 48 degrees. 

This is the quantity of rain water which fell 
it the obfervatory, each month of the year 1 703, 
irhich is meafured by the height which it would 
have, if none of it was wafted or evaporated. 
[ have already related in other memoirs of this 
IuikI,. the manner in which I make thefe obfer- 
rations j therefore will not here repeat it. And 
iio^ thefe obfervations have been made daily, 
i have thought it fufficient to give each month's 
pcfiilt thereof, with fome remarks on this fubjeft, 
ind principally of the winds which governed 
b January. The height of the rain water was 
^ lines f, almoft the whole of which fell near 
efae beginning of the month, with a wefterly wind, 
inclining fometimes to the S. and fomet.mes to 
die N. At the end of the month the wind was 
ilmdR: always to the N. and without rain. 

In February there were 14 lines and ^ of water 3 
the wind was Something changeable, but the great- 
eft part of the month it was foutherly. 

In March it rained but 4 lines, tho* the wind 
vras almoft always towards the W. between the 
N. and the S. 

In April there fell 16 lines and % of water, 
diftributed pretty equally throughout the whole 
month, the wind being almoft always in the S. 
inclining to the W. and feldom towards the N. 

In May I found 34 lines and \ of water -, the 
governing wind was W. which fometimes changed 
to the S. but more commonly to the N. 

In June there fell but 23 lines of water, the 
wind being almoft always in the W. 

Vol. II. N^ 16. U In 
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In yuly it rained 28 Hncs [J, which fell at the 
beginning, in the middle^ and at the end of the 
month. When it rained^ the wind was almoft 
always in the W» inclining to the S. and N. and 
in the intervals it was pretty often in the N, and 
a little in the E. 

In Jugtt/l the rain furnifhed 23 lines f, of' 
which 33 lines |^ fell the 12 th day of the month, 
beginning with a little ftorm, the wind being 
E,S. E, the wind was almoft always in the N» 
and fometimes inclining to the E. and W. 

In Sspiemher the whole height of the rain wa- 
ter rofe to 20 lines \^ which was diftributcd 
rhro' the whole month. The prevailing wind* 
was S. W. 

In OStabiT I got 17 lines of water, which fell 
each time in little quantities throughout the 
courfe of tlie month. The wind was alniioft 
always in the W. inclining to the S. and leJdom 
in the N» or E, 

In Ntwember I collefted but 13 lines of water, 
which fell at the beginning and towards the end 
of the month, with a S, wind. From the 4th 
of the month to the 19th, it did not rain, the 
wind being almoft alwayii in the E* and fome- 
times Lo the N. 

In Duemher there fell but 3 lines and ^ of 
water, but there were many fogs. In two thiitb 
oi the month, towards rhe end of it, there wa§ 
no rain, tho* the wind was pretty often towards 
the W. except on the kft days, when it was about 
iheE 

The fum of the rain water of rhe whole year 
was 208 Hncs ^, or 17 inches 4 lines ^^ which is 
a little lefs than the common, which is 19 
inches; fo that we Tn^ay fay, that this year isH 
one of the drycft of theie cguntrics. 

The 
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". The four months of A%, Jme^ July^ and 
JlugHft^ gave more crater than the other eight to- 
gedier» which commonly happens, iho* there 
h&Te been no conliderabie dorms. 

The little fnow which fell in the beginning of 
this year, is not worth being confidered. We fee 
thereby » that it is not the great quantity of fnow 
which makes the earth more fruitful, as is com- 
monly believed, fince this year has produced 
much corn and fruit. It is true that fnow, con- 
tinuing long on the furface of the earth, may 
jkeep the faJts therein, which throw themfelves 
out of it continually, and Ivhich entering tlie 
earth again, when the fnow melts, may make 
it more fruitful ; but there may alfo be rains 
which may have the fame effeft, if they are im- 
|>regnated with the fame falts. 

Xhe cold was not confiderable throughout the 
months of January and February^ wherein it 
commonly is the greateft, for my thermometer 
did not fall to 26 degrees ; and I have obferved, 
that it does not begin to freeze till this thermo- 
meter is at 32 degrees-, from whence alfo we 
may fee, that there have been no confiderable 
frofts. In the laft months of this year the cold 
was not fo great as at the beginning. 

If the cold was not confiderable this whole year, 
the heat was alfo but moderate, and of litde con- 
tinuance ; and I find that the hotteft days were 
the 27th of May, the laft days of July, and the 
firft of Auguft, wherein the thermometer was 
near 60 degrees. The hotteft day was the 12 th 
of Augujl, in which the thermometer rofe to 
64 degrees. Thefe obfervations are always 
made near the fun-rifing, which is the time 
wherein the air is cooleft -, and between two and 
three in the afternoon, the heat of the day is 
U 2 greateft. 
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grcatcft. I have obferved during the fummer, 
that between two and three in the afternoon^ the j 
thermometer rifes 10 or 12 d^pees more than in^ 
the morning at the time of the fuo-rifing, tba* j 
this thermometer is always in the fhadc. 

The 28 th of Aprils the thermometer haviogi 
been in the morning at 42 degrees, and the baro- [ 
meter at 27 inches 3 lines |, there was a ftormj 
and pretty loud thunder \ and I was told, that 
Dear ViUeneuve St, George^ tht:re fell on the earth 
a very great flame, which irightcLcd thofe who 
lay near it, but which did no huit to thofe whoj 
were in the place where it fell. 

As 10 the barometer, it was at the higheft on 
the loth of December in the evening, at i9l 
inches, 4 lines and i, at the height of the grea 
hall of the obfervatory, and in the whole month] 
of December^ the barometer always kept up very j 
high ; nor did it rain but 3 lines \^ and this is a' 
confirmation of what is generally obferved, that 
it very feldom rains when the barometer is raife^H 
higher than its mean ftate. There alfo happen-™ 
ed very near the fame thing in Afarch, when it 
did not rain more than 4 lines; but the baro- 
meter was not quite fo high as in December, 

The third of January the barometer was the 
loweft in the year at 26 inches, 6 Hoes ^, with 
a little rain, and without ftorms, as it often hap-j 
pens when it is very low. Thus the differenc 
between the greateft and the leaft height of th 
barometer, was this year i inch, 9 lines and 
which is a little more than the common, whicli 
does not exceed i inch, 6 lines- 

I obferved on the 18th of December ^ thedecli-^ 
nation of the needle fi-om 9** 6' N, towards the 
W, with a needle of 8 inches length. This 
needle is very well made, and is fliut up in a 

wooden 
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wooden box of a fquare figure ; and to make 
the obfcrvation, I always place the fide of this 
box in one and the fame part of a pillar, in the 
Jower ftone gallery of the obfervatory, whofe po- 
fition in the meridian line I am certain of, by very 
exa& obfervations on the centre of the fun's paf- 
fage in the meridian. 

II. New obfervations on the infeSts of orange^ 
treesy by M. de la Hire *. 

I had formerly examined what is called the 
grain of cochineal, and I had given a memoir 
of it to the academy, in which I related at length, 
all the difcovery I could make of them by their 
figure, after having foaked them; and among 
other things I had obferved, that it was a little 
infeA, of which nothing remained entire but the 
belly, which was covered with fcales ; but no 
part of the body near the head was to be feen, 
nor any feet, which I imagined had been dry*d 
up* and reduced to duft. 

It* came then into my thoughts, whether the 
little infeda on orange-trees were not the fame 
with the cochineal 5 for the figure of the belly 
appeared to me much like them, and thefe infeiEts 
feeding on the juice of the red fruits of Opuntia^ 
where they gather cochineal, might give them 
the red colour and ftrong dye, with which they 
are filled. 

I had often obferved, that in bruifing with the 
fingers the infefts on orange-trees, they remained 
dyed of a reddifli colour, which fticks pretty 
fall to the skin, tho' thefe animals feed only on 
the juice of green leaves and ftalks of the tree \ 
and this is what perfuaded me that there was 
great likelihood in my conjeftures ; that if thefe 

• March 8, 1704, 

infefts 
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infeds fed on the juice of the red fruits of the 1 
Opuntia^ they might give a very ftrong redj 
tindure; and wh^xc more confirmed it was, that] 
I knew thofe who had eaten of thefe fruits, hadj 

made urine as red as blood. 

To fucceed in my defign, as I had fome plants 
of Oj^^ff/r^, which had very red fruits upon them, 
I placed them underneath^ and very near fome 
orange-trees, whereon were many infeds not yet 
hatched. I alfo broke fcveral of the bags which j 
contained the eggs, and fprcad a great quantity-J 
of them over all the Opuntia^ hoping that fame 
of thefe animals would fallen upon it. I obfer* ^ 
ved every day, with a great deal of care, bothfl 
the leaves and fruits of the Opuniia, j and at 
laft I perceived one day a very great quantity^ 
of little white infedsj which ran wjch great fwifc-fl 
nefs upon the Opuntia. I alfo looked on the * 
orange-trees* and in like manner found them^ 
proportionably there. I then made no doubt ■ 
but that thefe little inftcls were hatched from 
thofe eggs, A little time after^ all thefe infefte 
lixt^d on the orange-trees, round the branches and 
tinder the leaves, and they forfook the apuniia^ * 
on which there remained none of them, either on 
the leaves or fruits. Thus I concluded, that thefc 
infeits of the orange-trees, tho* in appearance 
fonicthing like the cochineaJ, could not find Ofi 
the upuntia a food fuirable to them, as on many 
Other plants, and that thefe were not the fume. 

However, my enquiry was not altogether ufcletsi 
to me i for I then knew that the infects on orange- i 
trttSy from their being hacched till a certain big-j 
nefs, to which they arrived in a little time before 
they fixed themlelvt;s^ might couple^ and be in 
a condition of laying fruitful eggs, at a time 
far dirtant tlrom that of rhcir coupling, which \% 
5 iJOti 
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not till eight months after 5 and what feems yet 
more extraordinary, is the great growth of thefe 
inieAs after they arc fixed and fettled, till the 
rime of their laying ; for they become 20 or 30 
dmes greater than they were before, and their out- 
ward figure being changed, they now appear 
only like a pretty long piece of tortoife-fhelh 

It were to be wifhed that fome of the feeds 
of cochineal could be conveyed into the fouthem 
parts of Europe^ as Sicily and Spain^ where the 
tpuntia may eafily be brought*, for I make no 
doubt but that cochineal may there be fufKciendy 
cultivated, to know perfeftly the nature of it, 
without being obliged to refer to the relation 
of clowns and (laves, who look on the produc- 
tions of nature only with regard to the profk 
which it brings to them. 

III. That all the barometers^ double as well 
as Jimple^ which have been hitherto con- 
JiruSiedy a£i not only by the greater or 
lefs weight of the air^ but alfo by its 
greater or lefs heat ; and the means of 
preventing this defeat Jor the jiiture in 
the conJlruSlion of double barometers^ and 
of correSiing the error in the ufe of the 
Jimfle barometers^ by M. Amontons *• 

It is proper in the firft place to relate the par- 
ticulars of fome experiments, in order to deduce 
afterwards from thence, if pofTible, a conftrudion 
which may prevent the alteration caufed by heat 
in the weight of quickfilver, with which com- 
mon barometers are filled. 

♦ June 18, 1704. 

Ex. 
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Expiriment L 

The thermometers, of which mention is made 
at the end of the conmi^ance de terns of 1 704, 
being at 54 inches, 5 lines, an areometer was 
filled withquickfxiver, in which entered 18 ounces, 
7 drams^ 63 grains. After having emptied the 
areometer^ it was filled with (pint of wine, and 
there entered i ounce, i dram, 28 grains. The 
quickfilver, fpirir of wine, and thermometer had 
been a confiderabie time, as fcveral days, in tlie 
fame place near one another, " ffl 

It follows from this eicperiment, that the weig^ 
of the qiHckfilver is to that of the fpirit of wine m 
an equaJ mafs, near as 16^ to 1, when we do 
not try it either in great cold or great heat, 

Experimmi II. 
The fame thermometers being at 54 inches, 1I 
lines, a little common thermometer glafs was 
filled full of quickfilver, the whole which entered 
therein was 757 grains : tlie bignefs of the tube 
was fuch, that, in che length of 1 1 lines, it con- 
tained iS graim* At this rate, a tube of like 
bignefs, and of 36 inches, 6 lines f long, would 
have contained the 757 grains of quickfilver. 
The thermometers being fallen to 50 inches, 1 1 
lines, the liccie quickfilver thermometer felljuft 
2 lines \ from whence we muft conclude, that 
from the great heat to the great cold of our cli- 
mate commonly taken, that is to fay, in the ^imc 
when my chermometers ran from 50 to 58 in- 
ches of their graduation, the bulk of the quick- 
filver augments by about 1 f ^ part of what it had in 
the great cold, and that in equal bulks tlie weight 
of it alfo diminifhes in great heat j|j, from that 
which it had in the great cold. 
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Experiment III. 

■ The thermometers being at 54 inches, fome 
fpirit of wine was put into a glafs tube, lealed at 
one end : it occupied in this tube 32 inches, 4 
lines in length 5 the other end of the tube was af- 
terwards fealed, and it was left for the experiment. 
The thermometers being fallen to 50 inches, the 
fpirk of wine in the tube was funk 7 lines % ; 
from whence it follows, that from the great cold 
to the great heat of our climate commonly taken, 
the bulk of the fpirit of wine augments about ^\ 
of that which it had in the great cold. 

It alfa follows from thefe three experiments, 
that in the great cold of our climate, the weight 
of the quickfilver is to that of the fpirit of wine 
near as 16 to i. . 

This being fettled, if we fuppofe that in the 
great cold the fpace between the furfaces of the 
quickfilver of the two boxes of the double baro- 
ikietcr is 28 inches, 8 lines ; one of thefe inches 
will counter-balance, or be an equilibrium to 16 
inches of fpirit of wine, and the top of thefe 16 
inches of Ipirit of wine, will mark for that time 
on its tube the place where the atmofphere equals 
the remaining 27 inches, 8 lines. 
, By taking the top and bottom of this point of 
the equal parts of 16 lines, each of thefe parts 
will be analogous to the lines of the quickfilver 
of the fimple barometer, that is, the fpirit of wine 
of the tube being at the firft divifion' under that 
which marks 27 incjies, 8 lines, will fliew that 
the air then weighs 27 inches, 9 lines, and only 
27 inches, 7 lines, when the fpirit of wine Ihall 
be at the firft divifion above that which marks 
2$ inches, 8 lines. Mean while it muft be ob- 
ferved that each of thefe parts of 16 lines ought 

Vol. II. N^ 16/ X to 
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to be diminifhed f ? of a line, if the aperture of 
the tube, which contains the fpirit of wine, 
half that of a ]ine, and the diameter of 
bo5f an inch, the reafqn of which js^ that thi 
fpirit of wine which enters into this tube canni 
go out of the box, without making the quickf 
filvtT fail in a quantity which equals i\ of a line j 
which iV;:ikes a riiiFerence of j of a Une in the 
height of the quickGlvcr to each part, and there 
mult be V of fpirit of wine to be ancquiHbfiu 
tp ^ of quicklllven 

The coki fuppofcd to be Itill the fame, and the 
barometer being thus regukttd, it is evident^ 
that it will exaftly mark all the changes which 
fbali happen in the weight of the atmofphere, 
with this advantage over fimple barometers, that 
it will mark them at leaft 14 times more fenfibly*: 
but in the gteat heats of our climate, thcfe 28 
inches, 8 lines pf quickfilver, ^hich jn the gfeat 
cold made an equilibrium with the weight of the 
atmofphere, will weigh iTj lels, and ought con- 
fequently m order to continue to counter-bakncr 
the fame wc^ight of air, to be augmented abouc 
3 lines, which are very near the ,f ^ of 28 in- 
ches, 8 lines, without which the fpirit of winp 
will fink in its tube 48 line^ minus Tf of a line, 
that is to fiy, a little more than 3 inches \. 

This augmentation of 3 line^ to the height qf 
the column of quick fdver, cannot be made till 
the furf*ice of the quickfilver of the inferior box 
falls a line and half, for then this line and half of 
quickfilver beifig driven into the f^^perior bo3^, 
will make one total height of quickfilver of 28 
inches, 1 1 lines, between the furfaces of the 
quickfilver of the two boxes. Now i: is necef- 
fary, in order to hinder this falling of the quick- 
lilyerin the inferior box, from caufiiig any change 

2 in 
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in {Ke height of the fpirit of wine in tfie tuber, 
that the part of the fpirit of wine, which is in the 
inferior box, flioUld dilate itfelf fufficiently to fill 
Ihis fpace of a line and half, which the quickfilver 
Abandons ; which ^ill tieceflarily happen, if 
there is given to that part of the box which con- 
tains the fpirit of wine, an equal capacity with 
that of a cylinder of the fame diameter as the 
box, and of 40 I ires i of height^ fince thefe 40 
lines I contain 2^ times i line and hal^ and 
the fpirit of Wine, by the third experiment above 
t-elated^ augments its bulk 2V fro'i^ g^at cold to 
great heat. 

It now remains t6 cotlflder the changes which 
heat rtiay make on the fpirit of Wine contained 
in the tube^ according as it may be at different 
heights, and as the degrees of heat vary. 

Firft, it is now very certain, that while th«' 
height of the atmofphere ftops the fpirit of wine 
at the boctoniof the tube which contains it, what- 
fever change happens to the heat of the air, the 
^irit of winfe in the tube will not» change its fi- 
tOation, and that the whole aftion of the rare* 
fe^ion of the liquor,- will be made on the fide of 
the fuperior box. • 

It h alfo v^erjr evident, that in great cold. 
Whatever height the fpirit of wine may have in 
the tube Which contains it, it will always mark 
^recffely the augmfentation or diminution of the 
Weight of th^ atmofphere, fince it is fuppofed t© 
be in the ftate of great cold, that the barometer 
^a^ beeh regelated. 

• It is then only the different height^ of fpirit of 
Wine in the tube, except the time of great coJd^ 
Which can make any alteration in the exaftncf* 
#f this barometer ^ and though this alteration in 
X 2 tte 
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the greateft hdghcs of the fplrit of wine, in times 

of the grcaceft heats^ cannot at moft exceed 14 
lines J and that it is very inconfiderable at all other 
times, wherein the heat is lefs % yet this is the way 
to corre£t it, when it is ncceifary to beexaft in 
the obfervations> 

If * in the tube, which contains the^fpirit of 
wine, It rote therein thro' the little weight of 
the atmofphere, in the time of the great heats^ 
to the height of 28 inches, there would then be 
on this height of 28 inches one inch, to be cor- 
rt:£led» becaufe then thefe 28 inches would 
weigh no more than 27 inches, in the time of 
great cold. Therefore if they take this tube of 
28 inches for one of the fides, about the right 
angle of a rcftangubr triangle, and at this height 
of 28 inches, a line is drawn of an inch perpen- 
dicular to the tube, which ni:ikes the other fide 
of the right angle of the faid triangle j this Jaft 
iidc being divided in fo many equal parts, as the 
thermometer conuins degrees from winter to 
fummer, and numbered in like manner, for ex- 
ample, in 8 with the fame figures, and that from 
each of thtfe parts the right lines arc carried to 
the extremity of the other fide, fo that they di- 
vide the triargle into 8 equal trianglts, there 
Tvill be no more to do than from all the divifions 
of this firft fide to carry lines parallel to the fe- 
cond' fide : thefe parallels will each be divided 
into as many parts, as that by the lines carried 
from its divifions to the extremity of the firft 
fide, and all thefe divifions will be analogous to 
the degrees oftiic thermometer, and will indicate 
how the liquor ft^iould be correfted, that is to 
fay, how much of its height fhould be dimi- 
nifhed. 
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Example. 

The thermometer being at 56 inches/ the , H- 
buor in the barometer at 27, let theife be taken 
from, the height of the liquor a quantity equal to 
that part of the parallel 27, which is contstincA 
tetWeen the lines 50 A and 56 A, and thus of 
others. 

As to the fimple barometer, the whole ext^t 
of its jnarch being bounded in a ipace toa littl^ 
^r fuch a fcale as the preceding to be of any Aife 
to correft it in fuch a manner as is neceffary, -tte 
following table may be ufed, which ihcws how 
much a column of quickfilver of 28 inches, 9 
lines, will lengthen or diminifh at all the degrees 
of heat indicated by my thermometer. 

This increafe or diminution is expreffcd in this 
table by 3-, of a line. Thus, for example, overw 
againft 55 inches, 5 lines, is to be found -65, 
which means that at the time when my thermoctie- 
ters mark 55 inches, 5 lines, there muft be dlr 
miniftied from the height of the quickfilver <tf 
the fimple barometer an equal quantity to 2 lintt 
3^ of a line. 

It fhould alfo here be noted, that thou^ tS 
inches^ 9 lines, are not the mean height of tbe 
iimple barottieter, this height being more corny 
monly 27 inches, 6 lines; yet neverthclcfs this 
table may very profitably be made ufe of withodr 
the fear of falling into any fetilible error. 
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Pegrees of the thermometer. Heights to be correfied. 
^i inches. 7 lines — takeaway i932dsofaline. 
■gi- 8 2Q 

51 9 41 

51 — ; 16 : rrr ?2 

51-—^^ — -M ia 

52 o 24 or ^ of a line 

52 I 25 

52 2 261 

52 — = — 3 27 

52 4 28 

52 5 29 

52 r — 6 30 

52 7 31 

52 8 32 or I line. 

52 9 33, 

5?-^-^^ — »o 34 

52 ... ■ " T 35 

53 o ' 56 " 

53 I 57 

53 2 3« - 

53 • - - 3 39 

53 4 40 or 1 line J, 

53 5 41 

53 ^- 6 4? 

S3 - 7 43 

53 8 44 

53 9 45 

53 IP 46 

53 i- n 47 

54 Q = 48 or I Ijne ^. 

54 ? " 49 

54 — 2 50 

54 3 51 

54 4 — , 52 

54 5 53 

5* 6 ! : 54 
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Ik<peti of ^c thermometer. H^ghO to be con^jQed. . > 
§4 inches. S lines — takea^yay 56 32ctsQr 1 ]m.^ 

54- — ~ 9 ' 57 

54 10 58 

54 II 5^ 

5^ o 60 

^5^—1 6i 

^^ ^ 2 — — _ 62 

55 3 ' 63 

55 4 . 64 or 2 fines. • 

55 5 ^ 65 

55 6 66 

55 7 67 

52 8 68 

5S~- 9 69 

55 10 > 70 

55 II 71 

5^ o ; 72 or alines J, 

56 I ■ 72 

bS 2 - « 74 

56 3 75 

56 4 = — 76 

56— 5 77 

$6- 6 78 

56 7 79 

56 8 .80 or 2 Imes J. 

56 9 ■ -81 

56 10 82 

56 II $2 

57 o 84 

57-" r- I 85 ' 

57 2 . iS , 

57 3 . ■ ^7 ■ . 

57 4 r — — 88 or 2 lines %, 

57 5 -89 

ST 6. 90 

57 7 I s»^^ 9» 
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bqplfeet of tlie tlbsrinonKter. Heighti to be <;orre&ecL 

57 inches. 8 Ikics — take away 92 3 2ds of a lin. 
^j...^ — 9 ^ 93 

57 10 — ^ 94 

57 II 95 

fiS ■ o ' ' 96 or 3 lines. 

ij8 I n ^ 97 

-5 > ■ ■ ■ ^ 2 - 98 

58 — 3 99 

'5 8 4 100 

58 5 ioi 

-g fr '^' " 6 > . 102 

5«-= 7 loj 

.^8 — pp.,-,-, 8 — 104 or 3^ lines J. 

58——- 9 I 105 

58 ' IQ -7 106 

.5 8 II ■ 107 

59 " ■ ■ Q i 108 or 3 lines f • 

IV. 73&^ £>^e?ry of the Fonnica-leo, hy M. 
Poupart *, tranjlated by Mr. ChanaDers. 

Tbt ffrmicaleof is an infcft which rcfcm- 
bles the Ipider, both in its difpofition, the figure, 
and foftnefs of its body, and its manner of fpin- 
ning 5 it alfo bears fomc relation to the palmer, 
or millepesj and at firft fight, one would even 
miftake it for that animal ; 'tis of a dirty brown- 
ifh colour, and befet with black fpecks, which 
when viewed thro* a magnifier, appear like fo 
many prickles or quills of a porcupine. Its body 
is invcfted with annuity which render it all wrink- 
led J it has 6 feet, 4 of them fattened to its tbo-^ 
rax^ and 2 to a long projefture, which may be 
taken for its neck ; its head is very fmall and 

♦ Aug. 30, 1704. t Plate ly* Fig- a and 3. 

' VoL.II. N^i;. y fiat, 
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flat, its 2 horns hard and hollow, about 2 Imcf ] 
^ong» and fomewhat thicker than a hair, being ^ 
hooked at the end like a cat*s claws \ by the mi* \ 
crofcope they appear much like, the horns of a 
large beetle, called the furvus bolens * \ at the 
bafp or bottom of each is a little black eye,] 
which is very fiiarp fighted, as appears from the] 
animal's taking the alarm, and flying at the leaft] 
appearance of an objeft. 

It is called iht formica-ko^ q. d- ant-lim^ flromi 
its living chiefly upon ants, which have the for*! 
tune to fliU into iis ambufcade \ tho* this Ihould| 
hardly intitle it to the denomination of a lion % it 
^rrince is rather that of a fox, and it would bej 
rriore proper to call it formua-valpes* Thai 
creature is obliged to be very grave and wary^j 
as having nothing to live on but a few infcfts 
^irhlch fall into its clutches* buE etpecially ant 
for all the little animals with wings efcape its at-^ 
tempts, and moft of the reft arc cither too big 
or too hard fkinned to be penetrated and fafl:ene 
with its horns. 

Its way of catching infects is as follows, 
ufually encamps under the foot of an old wall, 
be fheltered from the rain, and the place that il^ 
pitches on muft be a fine dry iand, that it may 1 
able to make a pit or trench therein, of the forinj 
of a tunnel 

To dig only a fmall pit, it bends its hind.partJ 
which terminates in a point downwards, and wit 
this, as a plough- fhare, opens the ground, walk-* 
ing backwards i and by litdejirks, when arrive 
at a certain depth, it throws up the iand a great 
height with its head, and its dhch is fir " 
^ but to iiiake a deep ditch, it firll draws a Jarg^ 



* S& it ii ^written in Mr. Chambcr&'j 
h cervttS volaus, or 3yin g ftag. 
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ciitlc, which is to be the top of the tunnel * ; 
then it digs under the fand, at each ftep it makes, • 
which is always backwards ; in its defcent, it de- 
fcribes a fpiral line, which at length terminates iii 
th^ point or tip of the tunnel or hollow cone. 

-f- Its head is very fit to heave off the fand, 
as being flat and its neck very long, when not 
drawn in, by which means it is enabled to give 
violent toflfes ; and accordingly I have feen it throw 
the animalcula it has fucked, to the diftance of i 
»foot from its den. 

The pit being finiflied, the animal places itfclf , 
a^de of its bottom, fhewing nothing but its two 
horns, which protend into the tip or bottom of 
the pit ; lying thus perdue, if an ant or other 
like infcft happen to pafs by the edge of the 
pit,, it neceffarily tumbles fome of the loofe fand 
into the bottom, which is a fignal to tht for mica-, 
ko that there is prey at hand ; upon this it falls a 
throwing up fand with its head upon the poor 
ant, in order to bring him tumbling down into 
the bottom of the cave between his horns, for 
the creature never runs after its game ; and if it 
happen that the ant do not fall plum between hist 
horns at firft, but that perceiving the fnare laid 
for her, fhe begins to clamber out of the pit, the 
mobility of the fand fometimes lets her drop a- 
gain ;. or if this fail, tht formica ko being liill 
upon the watch, throws up new fand to bring 
her down a fecond time ; and if fhe now fall be- 
iween his horns, he gripes her fall, plunging 
them deep into her body, and proceeds to fuck 
her fo long as any moifture ren^ins ; this done, 
the carcafe is thrown out, and if any damage had 
been done to the pit, the animal makes it up 
a^in for a fecond chafe. 

Y 2 The 



164 ^^^ History ^r^af Memoirs oft^ 

The farmka-ko would rather die Of hunger,] 
than go f^ek its Hiding like other infefts, nor 
h it out of lazinefs m might be fuppofcd, that j 
ir plays this fcx*s game, for it has no other, be- J 
ing unable to walk rxcept backwards, and by lit-*] 
tic jifks. It lies night and day upon the fcoutl 
under the fand at the botcom of its den^ for ihaq 
being unabk to go out in qucft of its game, if 
can only wait till chance brings it home to it J 
which happens very fcldom, fo that it is obliged] 
to fupply with perfeverance, what nature has de* 
nied it by 'agility. 

Indeed the reafons I am going to produce,, feet 
to make ail thefc ftratagems of little tSt& to thfi^ 
fubfiftence of the animal, which one would ima* 
gine only caught infefts out of div^erfion and 
wantonnefs, like the fportfman whoon)y goes ti3 
the chace for the pleafure of purfuing for, 

Firft, he only gripts the infcfts with the ex- 
tremity of his horns, which do not ftcm to 
perforated at the end, fo that 'tis hard to con* 
ceivc how he ftiould fuck their juices by that partJ 

Secondly, upon viewing him with a magnii 
rifier, there is no fign of his thrufting out 
probofcis to fuck the little animals he catchc 
as other in lefts do % and there is always a con^ 
fiderable diftance between his head and the un« 
happy animal^ which never comes nearer hir 
han the points of his horns. 

Thirdly, feveral formica4e<?s have been (hu 
up in a ciofc box for the fpacc of fix months 
yet have lived as well as others which were fup-^ 
plied with flicS| and even made their pits, and 
overwent all the natural changes hereafter men 
lioned, which feems to intima'te that the/i?;'j??ifd 
kg may live without food* 

But" 



But if it be confidcrtd, that its horns grow 
again after they have been cut % that it dwindles 
and grows Icfi when it has no food ; that after 
catching a fingle infed: it appears vifibJy bigger 
than before 5 and that by fucking a fly two or 
three hours, it renders it fo dry and friable* 
that it may be crumbled into powder between 
the fingers. It muft be allowed^ that aJtho' the 
atiinial may live without our perceiving how, or 
by what part, it takes in its food ; yet food it 
docs take- 

1 am perfuaded, thertfore, that its horns arc to 
be conceived as two fyringes, wherewith it pumps 
the juice of animals j in efted:, viewing them 
with a microfcope, which magnifies a great deal» 
I obfertred a tranfparent, membranous body^ run- 
ning the whole length of the cavity of the horn, 
which may well enough ferve tor the pifton^ 
or fucker of the fyringc. 

Tht f&rmka-leo being arrived at a certain age^ 
and preparing for a renovation, in order to ap- 
pear under a new form, it ceaJcs to make any 
more pits, but continues to plough the fand^ 
which is found all furrowed over with irrcgu- 
, lar tracks. 

* After ploughing a long time, it nefliles under 
the fand, where it makes a hollow ball, and Ihuts 
jcfelf therein while it changes its figure ; this ball 
confilts of filk, which it fpins from irs hind- 
part, much as Ip iders do of a ghttn or vifcid 
matter, ifluijig irom a)l parts of its body, and 
of a fand which it finds in the pUce, 

To make the ballj it turns flowly around as on 

a centre, vibrating iis hind-part to the right and 

left, and making it touch the fand, that the 

filk may ftick thereto, either by its catching 

»Fig. 6. 

©a 
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' on the inequalities of the grains of fand, or ad- 
hering to the glutinous matter it may be fmearcd 
with ; but however this be, the fands ftick fo 
clofc to the filk, that 'cis difficult feparating 
them, even though they be vigoroufly fiiaken 
while the work is yet foft. 

This filk is incomparably finer than the com- 
ion filk, being fcarce perceivable without the 
lelpof a microfcQpe', to obierve it well, you 
muft take it up ere ihe work be quite finiflied, 
, in which cafe it will be found foft and cottony, 
not being yet hardened by ihz glut en^ which 
loozes at a very flow rate from the pores of 
the animaL Upon taking up this fitk with the 
point of a needle, one kzs a fpace beiweea 
[ the grains of fand, but without feeing the filk 
that conncfts them, unlefs a magnifier be ap- 
plied. 

*Tis impoflible, withour a ftratagem^ to Ice 
how thef^ litde animals fpin their filk, and builds 
their cells, by reafon they always work under the 
fand. In order to this, their work is to be t;dicn 
up once, and again ere it be finifhed % upon which 
they begin again, till at length they are grown fo 
feeble, that being no longer able to hide them 
felves under the land as tifual, they begin Qowly 
' to fpin their fdk on the fur face thereof, after the 
manner above-mentioned. 

The formica leo halving wroa2;ht a long time, 
finds itfelf in the middle of u large futt bill^ 
which hitherto only confiRs of ink and fand in- 
rermixc:d i but it hardens by lictle ajLil liitltr, in 
proponion as it imbibes the vifcous matter oozing 
from the body of the animal, which penetrates 
the cell on all fides, 

WJiat chiefly convinced me of a vifcicj moif- 
ture tranfuding from the body of thisamimal is, 
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diat there were feveral grains of fand fticking on 
the neck of one of my formica letfs^ and forming 
a little kind of rock thereon ; while thisclc^ was 
<m ies neck, it ceaied working at its pit, as being 
obftrufted in the motion of its head ; but upon 
breaking it with nippers, the animal immediately 
went to work« 

When t\it fcrmica leo is inclofed in its cell, it 
lines the infide thereof with new pure filk, un- 
mixed with fand, forming a clofe kind of pearl 
coloured web, wherein the animal lies at eafe, 
with its head between its legs. At firft fight, one 
would take this web for a dry gluSenj feparated 
from the body of the animal > but if this were fo, 
it would break with bending and folding, which 
it does not *, add, that this lining is a continua- 
tion of the cell, or at leaft is faftened fo clofe 
thereto, that there is no parting them without 
deftroying the ball. Steeping fome of this filk fc- 
veral days in water, I found it did not dijQTolve as 
^ gluten would have done ; tho' it loft its fine co- 
lour •, an argument that the little gluten^ which 
was mixed with the filk, and perhaps gave it 
its colour, had diflblved, and left the filk alone. 
This filk is much like that which certain fpiders 
hang on the leaves of trees, to ferve them as a 
lodge'or «/i«j, to lay their eggs in, butjs thicker 
than fuch fpider filk. 

That the formica-leo does not begin to line in 
the infide of its cell, till after it is finlQied, ap- 
. pears hence, that opening it before it be hardened^ 
we find none of the lining above-mentioned. , 

yiy formica ko^s remained 6 weeks or 2 months, 
in their cells, before they changed into maggots, 
tho* this time of their continuance is by no means 
regular and certain ; they were difpofed with the 
head* between the legs, for the fake of rou.nclnefs, 
j^' '- and 
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and that they might taki? up the lefs rootn, and 
accommodate themfclws to the concave figure of 
the ball as much as pofllbte. 

When the lime was come for changing their 
figure^ fhey began to put oBF their fidf fkin, to 
which the borns^ eyes, and hair were foftened. 
This flcin was now like a (hrivelcd clue, whirift 
on the infide, having an aperture all ak>ng the J 
belly ^ at which the infeft hcreafter-meniioDedj 
had iflUed. 

ThtfsrmicU'le^ having quitted Its flcin^ appear! ] 
under the form of a maggot*^ with 4 membranous 
wings, 6 feet, 2 large horns or hollow, foft an-\ 
ienn^^ 2 black eye-s, and 2 pinchers in form of^ 
faws> which ferve it for teeth % the whole being ; 
about a quarter of an inch long. This maggot j 
remains fometimes in its retirement e're it coma] 
tbrrh in a new form, tho' the precife time is not ( 
fo caly to determine, by reafon the formica-h^ it , 
Iprings from lies hid before the met^imorphofis- 

When the maggot is difpofed to quit its cellf 1 
k cats a little round ifli hole therein, which how- < 
ever does not appear round, by reafon the pieccJ 
ufually remains fad on one fide f » which rendersl 
the p*\ffisge fo narrow, that half die maggot rc-J 
mains in thecell^ aiKl the other half out. In thw 
ftate^ the maggot is no living thing, being onlfj 
e tranfparent membranous cafe, with horns or mA 
imn^^ eyes, teeth, wir^s, feet, t5?r. which are^ 
the cafes of the like parts of a beautiful fly^ called 
a maid tj which ilTucs lience by a cleft made on itJ 
back nrar the head. 



* Fig. 7, 8, and 9. f Fig. lo, 

J So Mr. ChamUrfixim^^iti it: the origmxa! is ttem&ifilU i ^ 
|t b atj infc^l* called, in EngHjh, adder hsh^ or dr^gQn-fijx 
fee VoL 1, p;ig. 94, of cliis;\bndgnient* 

3 Tbii 
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This fly is 15 dr 16 lines Jong ; its wings at 
firft are only 2 iines, by reafon having been iet in 
cafes or frames of that length, they have afliimed 
did figure and fize thereof; but we find them 
folded in 2 plaits, which, in two minutes time^ 
optn and flretch out, and thus grow longer than 
the body ; after quittmg its cafe the maid remains 
lometime on its feet motionlefs, to let its win^ 
dry, that it may take its flight ||, and enjoy a 
ha|>pier flate of life than that it led under the 
Skin cfthepo6rf/?rmica'leo. 

' While the »i^/r/ is inclofed in its- maggot, it 
x»iinot attain to above 3 lines long, by reafon 
the maggot itfelf is no bigger ^ but it is no fooner 
iuf liberty, than it lengthens and extends, to up- 
^/^ards of 15 lines. This fudden expanfipn arifes 
hbnce, that the maid^ while in its cafe is folded 
alhd contrafted like a cat-cawl, when fqueezed at 
the two ends; but after its delivery hence,^ it reco- 
vers all* its magnitude like a fponge, which hav- 
iiig been crowded between the fingers, rcfumes its 
dirtienfions when let go again. 

In the year 1703, the formica-leos I had ob-.' 
fi&tvtd did not change into maids^ it being the year 
following ere that metamorphofis took place : an 
indication that thefe animals do not change in the 
firfl year, and that they muft be to a certain age 
ere they be fit for transformation. 

When the maid is gone, opening rhe cell the 
formica-led had lain in, we find it lined as abovc- 
rftentioned,' with a glofly pearl coloured fatten, 
the lhriveled-.fkin or exuvia of the formica-kc^ 
is always found therein, together with the mem- 
branous cafe which immediately inclofed the 
maid '9 but what is more extraordinary, we 

I Fig". 
J Vol. II. N^ 17. Z fome- 
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fbmetimes find an egg *, which the maid depCNl 
fits there^ before it goes. The egg is 2 lines long,^ 
I thick, and bears Ibme refemblance to a flenderj 
acorn i its ftiell is hard, and in all refpcds lik 
that of a hen's egg. ThefubCtance contained ilS 
it is not fluid, and I have obferved the eggs tti 
be of different colours at different times j one 
them being expofed fonne days to a hot fun, tk 
matter within it grew hard and black as ink. 

Thelc young maids feem only to lay one eg 
for we found but one a-piece in the bodies of f& 
veral which had been opened, only one in a cel!| 
which another had relinquiftied, and anoti 
maid rifing to the top of the box, it was kept in,^ 
fome hours after dropped another ; and yet *tis 
fcarce probable, that each maid fhould only lay i 
(ingle egg, by reafon there will always be for 
which are not prolifick, and others of them mu 
produce males, from whence it is cafy to infci 
that the fpecies by degrees muft have totally 
ceafed. The precipitancy wherewith thefe maid 
lay their eggs are a proof, that they do not ; 
ways wait for the embraces of the male ere the 
bring tht^m forth i and it may be owing to th 
fcaj-cenefs of fuch coupling, th^it the formica-lec^ 
and the Ymk maids arifing from them, are 
rare* 

The little ball the formica ko is lodged in, is 
abfolutcly neceflary for the produftion of the 
maid\ for breaking fome of them, and turning 
out the formica leos naked upon the fand, they 
were ready for transformation. They did indeed 
put off their fkln ; buc the maids could not get 
forth from the maggots they were inclofed iri» 
tho' they lived a long rime after, and made feve- 
ral attempts to get forth. One of the chief ufes 

* Fig, It, 
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of this ball is, that by means hereof the maid flips 
off the maggot itisinvefted with, in fqueezing, 
with fome difficulty, through the little hole the 
fame maggot had made with its teeth. 

• It mult be obfcrved, that the feveral kinds of 
maids friflcing in the fummer-time about rivers, 
bufhcs, ^c. do not all arife from this little ani- 
mal •, fuch as do, have two antenn^e^ which are 
very flender towards the head, and grow bigger 
and bigger to the end. They have two large eyes 
on the fides of their head, and none atop of it, 
as the other maids have. Their belly is not fur- 
rowed length wife, as is found in the reft ; and the 
tip of their, tail is befet with hairs. Their wings 
are of an alh colour, fpotted with black, without 
any vivid colours variegating them : fo that 'tis 
probable thofe beautiful flies, which the variety 
of their colours has occafionctl to be denominated 
maidsy with all the feveral fpecies thereof, are of 
another origin. 

There are two other beautiful fpecies of large 
maidsy whofe origin is certainly very different 
from thofe above-mentioned: they arife from two 
water animals, which have no refemblance to the 
formica-leo. 

We (hall take occafion hereafter to fhew, that 
the animals thev arife from are real fifhes ; 
for we have obferved their gills 5 and fliall here, 
by the way, prefent the figures thereof*, as well 
as of the animals themfelves f. 

Explanation of the figures^ tratijlated by J. M. 

Plate IV, Fig. 2. This figure reprefents the 
formica-leOy <drawn three times as big as the life, 
to Ihow how he is briftled with prickles. 

3. The under part of th.^ formica-leo. 

• Fig. IS and i6. t Fjg. i3» M. and 17, 

• Z 2 4. 
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4. The head and netfc of tht formica- leo fepa- 
rated from the breaft, and drawn much larger 
than the life, that the fmalleft parts may be di- 
ftinftly feen. 

5. The pit which the /(^rw/V^z-/^^ has made for 
infefts to fall into. He is hid at the bottom, 
where he lets nothing but his horns be feen, which 
he keeps divided, that he may be quite ready to 
feize the litde animals. 

6. The lodge in which the formica-leo is fhut 
up, in order to change its form. 

7. The little worm which appears after the 
formica-leo has quitted its fkin, in which the de- 
moifdle^ or adder-boU fi i) is inclofed. 

8. This figure reprelents the little worm (7) 
drawn much larger than the life, that its eyes, 
feet, and wings may be diftindtly feen, which are 
fheaths or cafes, in which the fame parts of the 
demoifelle are contained. 

9. This odd figure, which is drawn much 
lafger than the life, is the little worm which was 
reprefented in ihe figures 7 and 8, in its fituation 
in the lodge. Its back is bent, that it may fuit 
the figure of his lodge, and take up lefs room. 

10. The ball, or lodge, of the formica-leo^ 
with the worm marked 7, part of which is within 
and part without ; from whence the demoifelle (11) 
is come out through a crevice made on the back 
of the worm. 

11. This figure reprefents the ^^w^//i?//<?, when 
Ihe is come out of the worm 7, 8, or 9. 

12. The eggs which the demoifelks lay almoft 
as foon as they are come out of their little lodges, 
or balls. 

13. An aquatic animal, from whence proceeds 
a great kind of demoifelle^ different from that 
which comes from the formica-ko. This litde 
animal is a real fifh. . 14» 
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14. The underpart of the aquatic animal repre- 
fentcd in jftg. 13. 

15. A fort of mask, which covers the head of 
the aquatic animal marked 13, which are the gills 
feen outwardly. 

. 16. A mask which covers the fore part of the 
head of the aquatic animal marked 13, which is 
its gills feen inwardly. 

17. Another aquatic animal, a little differing 
from the preceding, from which comes out a 
great kind 6i demotfelle^ variegated with fine co- 
lours. 

V, A difcourfe on the barometer^ by M. A- 
montons *. 

Among the phyfical difcoveries of the laftage, 
that of the barometer, or of the manner of mea- 
fiiring the weight of the atmofphere, may well 
hold the firft place. 

The clearnefs and evidence with which we now 
'explain many efFefts of nature, where we only 
faw obfcurity and uncertainty before this difco-^ 
' very, are convincing proofs of it. Hardly any 
body is ignorant that the effeifls, which were for- 
merly attributed to the abhorrence of a vacuum^ 
had caufes which were wholly unknown to thofe 
very perfons, who were mod fond of ufing this 
expreflion. 

Thus, what is very obfcure and impenetrable at 
one time, becomes the utmoft evidence in another. 

But altho* it be true, that fince this difcovery, 
we have cleared upon this fubjeft an infinity of 
very difficult things, with all the clearnefs that 
can be wiftied ; we cannot however doubt, but 
that there yet remains a great numj^er, and that 
thefe laft are much more fo, as they are lefs ap- 
* Nov. i2y 1704. 

parent. 
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parent, and that they do not prefent themfclves 
at firft to the mind, as the former did. 

In the novelty of the barometer, the furprizing 
i efi€&s of the weight of the air alone, have drawn 
[ all the attention of thofe who faw them, we fuf- 
fcrcd ourfeip-es willingly to be prepofleffed, that 
it was the fole caule of the motion of the qaick- 
filveri and if we reflefted, that there is nothing 
upon which heat does not aft, we thought that in 
this cafe it was fo little, that it was not worth re- 
garding. We eafily paffcd o\rcr a rcafoning 
v^hich had nothing new, to admire a fyftem, of 
which the novelty agreeably fur prized us by its 
happy fuccefs ; and we had, if I may fo fay, eyes 
only to confider a multitude of experiments, all 
of them curious, which prefcnted and explained 
themfclves, as of their own accord, without there 
being need to determine any thing cxaftly. 

In effeft, it fignified little to give the reafon^ 
for example, of pumps, liphons, and almoft all 
the other experiments of the gravity of the air, 
to know that the weight of the quickfilvcr was not 
the fame in fummer, as in winter. It was fuffi- 
, cient, that we were affured that it was not fo con- 
fiderable a quantity as to hinder the determining 
in general the elevation of the quick filvcr in the 
tubes to about 28 inches, and that of water to 32 
feet. 

But, in fine, thefe apparent and palpable ef- 
fedts of the weight of the atmofphere being now 
fufEciently explained in a general manner, it re- 
mains for us to do it in a more particular and ex- 
ad: manner^ and to cany our attention to ochers» 
which by being more concealed are not left ufe- 

fiji. 

The only thing here, that could trouble us, is, 
that the barometer proper for explaining in gene- 
ral 
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ral the effeft of. pumps and fiphons, becomes 
faulty and bad when it is ufed, for example, to 
meafure the viciffitude of the weight of the attno- 
fphere, to determine the height of it, arid to le- 
vel many points of the furface of the earth. In 
the obfervation of the greater or Icfs gravity of 
the atmofphere, we may find a difference of above 
3 lines in the height of the quickfilver, tho' in 
reality the weight of the atmofphere has not 
changed •, which proceeds from the efFeft which 
the heat produces upon the quickfilver of the ba- 
rometer, experience having taught us, that a co- 
lumn of quickfilver of 28 inches, 9 lines in win- 
ter, and one of 29 inches in fummer, are of the 
fame weight ; fo that the fimple barometer being 
carried in the coldeft time of our climate, from a 
ptace above the furface of the earth, into another 
made hoHow beneath it, may give i line | dif- 
ference in the height of the quickfilver, which wc 
have falfly attributed to the weight of the co- 
lumn of air which was between thefe two places ; 
and if we had a mind to determine by this expe- 
riment the height of the atmofphere, prthcdif- 
ferente of the level of two places of the earthy 
we fhould run great rifque, of doing both very 
badly. 

The barometers are either fimple,that is, charged 
only with quickfilver ; or double, that is, befides 
quickfilver a 2d liquor is alfo ufed, which is com- 
monly oil of tartar coloured. As for the fimple 
barometers, the extent of their motion is very 
moderate, hardly exceeding 23 or 24 lines, and 
there is no other way to avoid errors in thefe, 
' than to prepare a table of corrcdion, which (hews 
the proportional quantities by which the heat 
lengthens the column of quickfilver, from win- 
ter to fummer, and that confequently it is con-\ 
I venieoc 
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venient to retrench from the heights indicated by 
the barometer, at the time of the obfei-vation. 
For example, my thermometers, that is, thofe 
which are defcribcd at the end of the eonnoiffance 
des Terns ds 1704, and in the memoirs of 1702 
and 1 703 \ thefe thermometers, I fay, marking 
58 inches, which is the time of our greateft hea^, ^ 
there are 3 lines to be retrenched from the height | 
of the qutckfilver of the fimple barometer \ 2 
lines when thefe thermometers mark 55 inches 4 
lines; only i line when they mark but 52 inches j 
8 lines ; and o, or nothing, when they mark but 
50 inches ; and fo of the other cor red ions to be^ 
made for all the other degrees of heat between 
thefe, which we fhall find by preparing an exafl: | 
table upon this foundation. 

But as to the double barometers, whofe mo- 
tions are much more confiderable, and upon which ] 
the heat produces different effefts, the combina- 
tion of which is the caufe that we cannot e^fily 
make the correftions by a table i befides that the ] 
perfons, who make ufe of thefe barometers, are 
for the moft part but litde accuftomed to thefe] 
fort of corrcftions ; this is the way that I have 
ufed^ that thefe correftions might be made as it j 
were of themfelves, and widiout a table. 

Thefe barometers are compofed of two glafs^ 
boxes * A B, which have a communication with 
one another by a bent tube A C B* 

The box A terminates in a point which is] 
hermetically iealed. The upper half of this boKi 
is emptied of grofs air, the other half, the tube' 
ACB, and the lower half of the box B, coniains 
quickfilver. This ball B tcrminares in a veryj 
flender tube B D, open at D. The upper half 
of the box B, and part of the tube B D, cun- 

* Flaic IV- Fig. 19. 

fami 
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tain a liquor which rifes and falls in the tube, 
according as the atmofphere js more or lefs light, 
the quickfilver AC counter-balancing and mak- 
ing always equilifrrium with the quickfilver CB, 
the liquor B D and the atmofphere. 

All this at prefe'nt feems to be almoft univer- 
fally known, but thcsc which ft^ems not to have 
been yet obferved by any body, is, that the 
quickfilver contained in A B, becoming lighter 
in the fummer than in the winter, the atmofphere 
repels toward the bottom the liquor contained in 
the tube BD, to 3 or 4 inches, and makes us 
falfly 'prefumc that the atmofphere is become thus 
much heavier, tho* in reality its weight has not 
been at all changed. 

Therefore to prevent this fault, the column 
of quickfilver A B mufl: be lengthened fuffici- 
cndy, to replace the weight which the heat makes 
them lofe, without the liquor in the tube chang- 
ing its place. For this purpofe I took a liquor, 
which cafily rarefies by the heat, as fpirit of wine 
does -, I fubftituted this liquor to oil of tartar, 
which is comtnonly ufed, and which does not rarefy 
near fo fenfibly. 

I increafed the capacity of the boxB, which com- 
monly contains this liquor, that it might hold more, 
and alfo produce a fufEcient rarefaction, to make 
the quickfilver of the box fall, and by this means 
lengthen the column of quickfilver A B, which 
without that would not lengthen at all, altho' the 
heat had rendered it lighter, becaufe the atmo- 
fphere not prefllng immediately upon the quick- 
filver of the box B, but upon the liquor in the 
tube D, it would make this liquor fink and fup- 
ply by this means the lightnefs of the quickfilver ; 
•which, as I have already faid, would make us 
felfly prefume that the atmofphere is become hea- 

Voi-.II. N*". 17. A a vier 
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vier, akho' it: is not at all changed -, whereas the 
liquor in the box B, finding in its rarefaftion. 
always the fame refiftance on the fide of the at^l 
raofpherc, fuppofing that its weight has notj 
changed at alU and finding lefs from the fide] 
of the quickfilvcr rendered lighter by the heat,| 
this liquor employs the whole aftion of its rare- 1 
faftion againft the quickfilver, which it repels i 
and replaces always in equilibria with the at- J 
mofphtre, without the liquor of the tube D,[ 
upon which the atmofphere immediately ads, I 
being conftrained to change place, unlefs the ac-l 
mofphere changes its weight j and ihe whole arti* 
fice of this confifts only in well propornoningthc 
capacity which contains the liquor to the capacity] 
of the tube of the barometer ; for too fmall a] 
one would not entirely corrcdt the error ; and tool 
great a one* by repelling the quickfiWer tool 
much, would make the liquor in the rarefac-! 
tion find at lift too much refiftance from the! 
quickfilver, and be obliged to ad on the fide of j 
the acmofphere •, which would make us falQyi 
prefume that the air was become lighter* 

It remuiins for me to obferve, that akho' by J 
this means the error that might happen by the] 
greater or lefs Jightnefs of quickfilver is correded^ 
of itfdf i there is alfo a fecond to be avoided, 
which might be caufed by the greater or lefs light* 
nefs of the liquor. 

This error is truly not fo confiderable as the 
firft, and might very well be negleded without 
any great confequence i but it will be always 
better to have regard to it, chiefly in cafes where 
exadnefs is required ; and this might be done 
by the means of graduation^ 4s I am going to 
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Wc commonly divide this graduation into parts 
equal among themfelves, which fignify nothing, 
and are only to exprefs by their greater or lefs 
number, that the liquor is more or lefs high, and 
Confequently that the atmofpHere is more or lefs 
light, but not how much *, and thefe numbers 
never exprefs the weight of the atmofphere. 

1 have therefore judged it moft proper that 
thefe parts, altho* much greater, fhould reprefent 
the inches and lines that the quickfilver reaches in 
the fimplc barometer, from the leafl: to the great- 
eft lightnefs of the atmofphere. 

Thus I divide all my graduation, which is a- 
bout 28 inches, into 24 equal parts, which ex- 
prefs the 24 lines comprehended in the fimple ba- 
rometer between 28 inches 4 lines, which is the 
greateft gravity that I have known in the atmo* 
fphere, and 26 inches 4 lines, which is the leaft. 

I allow to this graduation about 14 lines in 
breadth at the top, and only a line and ^ or 
thereabouts at the bottom. 

I divide each of thefe breadths into 8 equal 
parts, and draw right lines from the divifions 
at the top to thofe at bottom, which make 8 tra^ 
peziums about 28 inches long. 

Laftlj^, I cut all thefe trapeziums by lines pa- 
rallel to each other, drawn from the 24 afcending 
divifions, after having numbered thefe 24 divi- 
fions, in defcending from 26 inches 4 lincF. to 
28 inches 4 lines, I numbered the 8 lateral divi- 
vifions from 50 to 58. 

Thefe 8 lateral divifions reprefent the 8 inches 
contained upon the graduation of my thermo- 
meter, from 50 to 58, that is, from the greateft 
cold to the greateft heat of our climate, and fcrvc 
to make the corredlion of the error, that the great- 
eft or leaft lightnefs of the liquor of the baro- 
A a 2 mct«r 



i8o iTje Hist OKY and Mbmoiks of f be 

meter might caufe, and that in the following 
manner. 

I firft confider at what divifion my thermome- 
ter is ; I afterwards take upon my barometer over- 
againft the place where it is found, the lateral part 
contained between the firft afcending line of the 
graduation, and the afcending line which anfwers 
to the divifion that I have obferved upon the 
thermometer. 

Adding this part to the height of the quick- 
filver that the barometer indicates, I have the ex- 
aft weight of the atmofphere. 

Here would be the place to give the reafbn erf" 
the particular conftruftion of this barometer, and 
of its graduation ; but as it is deduced from a 
detail which would be tedious, and which I have 
already given * ; thofe wh6 would know more of 
it, may have recourfe to it. I (hull content my- 
felf with obferving that this barometer, befides 
its great exaftncfs, has alfo the advantage of be- 
ing almoft as fcnfible again as the others, and that 
great caie muft be taken that there does not re- 
main any air in the top of the upper box under 
the quickfilver. 

After what I have juft faid of the efFeft 
of the heat upon the liquors that the double 
barometers are filled with ; it remains to ex- 
amine what its adtion may be upon the glafs 
that contains thefe liquors ; and if there is no 
room to fear that this may alter the indica- 
tion alfo of the greater or lefs gravity of the at- 
mofphere, which is not without foundation. For, 
in fhort, we know nothing in nature, of all that 
falls under the fenfes, upon which heat does not 
manifeft its power ; thus there is no doubt of its 
* Pag. 16 1 of this volume. 

ading 
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afting upon the glafs^ as upon all o(her things, 
and of its dilatating it in fuch a manner, thai; 
the capacity of a glafs veffcl or bottle is greai^r 
in the fummer than in the winter. But the qve- 
ftion is, to know if this may be confideraWc 
enough to caufe any alteration in the baro- 
meter. 

Now by many exadl experiments, I have 
found that a white glafs bottle, pretty thick, of 
a cylindrical figure, and fuch as thofe are, which 
are commonly flopped with a glafs ftopper, full 
of common water, of which the degree of heac 
meafured by my thermometer was equal to 54 
inches, and which contained about 14 ounces of 
this water, increafed its capacity only 2 6^8> whea 
I immerged it in other water, of which the de- 
gree of heat meafured upon the fame ther- 
mometer, was 64 inches : from whence we may 
judge, that this effect is fo trifling, that it can- 
not be fenfible in the glafs of a barometer, the ca- 
pacity of which is nothing near fo confiderable, 
as that of this bottle. 

VI. ExtraSl of a letter from M. Sarrafin *, 
phyfcianto the king^ in Canada, corner ris- 
ing the anatomy of the caflor^ read to the 
.academy^ by M. Pitton Tournefort ; tran- 
Jlated by Mr. Chambers. 

The largefl caflors are 3 or 4 feet long, and 
12 or 15 inches broad in the middle of the tko-- 
rax^ and from one haunch to the other ; and they 
are commonly from 40 to 60 lb, weight. Their 
life hardly lafls above 15 or 20 years; as to 
colour, they are ufually very black in the fiir- 

* From Quebec, Oft. 15, 1700, 

theft 
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theft parts of the north, tho' fometimes aJfb 
whicej thofc of Canada zyq g^Qmrally brown, but 
this colour grows brighter as the countries are 
more temperate, for they are fallow, and even 
almoft ft raw-coloured among the Ilinois and 
Cbaouanom. 

The caftor, whofe defcription wehere give, was 
very black, tho' taken on the edge of a little lake 
12 or 15 leagues frotn ^lebec \ it weighed about 
50 pounds. 

This animal is every where befet with 2 kinds 
of hair, except on the legs, where there is but 
one, and that very ftiort hair \ the firft kind of 
hair is from J of an inch to two inches long^ 
being continually Ihorter*, the nearer it is to 
the head and tail, it is the thicker, rougher, 
and more gtoify kind, being that to which the 
colour of the caftor is chiefly owing ; viewing it 
with a microfcope, we find a line in the middle 
more tranfparent than the reft, which makes us 
conjefturc it to be hollow. 

The other kind of hair is a very fine clofe down, 
about an inch long, which helps to keep the ca- 
ftor from the cold, and ferves to make hats and 
other fluffs withal \ thofe skins which have been 
wore by the favages, either as garments or as 
coverings of beds, are the moft valued, both 
as they arc ft ripped of their coarfe hair, and 
as the down left on them being become fat and 
unftuouSj by the matter of inlenfible perfpira- 
tion, works fo much the better \ this down, 
•when the animal is alive and works, is preferved 
from the mud and dirt, by the other longer and 
ftifFer kind of hain 

'Tis not cafy diftinguifliing at firft fight whe- 
ther a caftor be male or female \ all that appears 
without is an orifice under the tail, whereby both 

kinds 
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kinds of excrements are evacuated. The parts 
which diftinguilh the fex are hid under the muf- 
cles, and to make a judgment thereof, the Ikin 
and flefh between the 05 pubis and this orifice, 
muft be taken up, upon which the yard will be 
felt, which is hard and about the length and thick- 
nefs of a finger. 

Under the Ikin we find a layer of fat, which 
under the belly is 8 or 10 lines thick, and extends 
from the jaws to the tail, but it diminiflies gra- 
dually in approaching towards the back where 
there is none at all. A fecond layer of fat we 
find between the two oblique mufcles of the belly, 
but this is hardly % of an inch thick, the viC- 
cera have fcarce any, and the caul, tho* as large 
as in other animals, only weighs 3 or 4 ounces. 

The mufcles of the caftor are all very ftrong, 
and feem bigger than needs be, confidering the 
fize of the animal. The fibres of the cutaneous 
mufcle have very different direftions ; thofe co- 
vering the back, from the hips to the neck, 
are ftrait^ and fo big, that the mufcle is here al- 
moft an inch thick ; the fibres fituate afide of 
thefe, recede gradually from hence, and make a 
much lefs bulk ; they defcribe almoft femi-circles, 
which defcending on the peftoral mufcles, the 
fternum^ and all along the ftrait mufcles, unite by 
an aponeurojis^ in fuch manner, that they inveft 
the whole animal. Part of thefe fibres cover the 
hips, after which traverfing each other on the os 
pubis y they defcend and form a kind of tiffue in 
manner of a mat, which covers not only a very 
confiderable bundle of fibres, but alfo tht fpbinifer 
of the anus. 

From the inner furface of the mat abovemen- 
cioned, about 12 or 15 lines below t\it os pubis ^ 
arife two branches of fleftiy fibres, about thetbick- 

ne& 
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ptfs of a finger, which afcend to the infertion cf 
the ftraic mufcks, and are fafteried thereto. Of 
thit part of this mufcle which covers the back, 
and whofe fibres are ftrait, a ftrong aponeurofis is 
formed, which invefts all below the thighs; it 
is faftened to thtfpina apipkyfes of the vertebfie to- 
wards the tail, and frpm fpace to fpace adheres 
likewife to the membranes of the mufcles, which 
give it motion. 

The fame plan of fibres, being arrived at the 
firft vertebra of the back, divides firft into two" 
jparts, which form feveral heads, and by different 
origins are; inferted into different parts ; there is 
one about 2 inches broad, which rifes to the 
third vertebra of the neck^ and is fattened upon 
the rbomboides ; another fixes itfelf upon the bead 
of the omoplate ; the third on the hind and inner 
part of the arm, the elbow, and the upper and 
hind part of the firfl joint of the arm ; laftly, 
the fourth makes one and the fame tendon with 
that of ihe firft and broadefl, and of this is 
formed a fifth, which is inferted into the middle 
and lower part of the firft joint of the arm. 

There is nothing particular in the mufcles of 
the belly, except that the little oblique mufcle 
jind the tranfverfnlis are infeparable. 

The caftor*s liver is of a ruddy brown colour, 
and divided into 7 lobes, which poflefs the 2 by- 
fochondria^ and thus cover the ftomach on all 
iides. The gall-bladder is faftened to the largeft 
of thefe loLes, and ufually difcharges itfelf into 
the duodenum^ tho' M. Sarrajin has met with one 
which emptied itfelf into the jejunum. 

The fpleen is round and not above 4 lines in 
diameter, to 3 inches long •, it is more firm than 
that of other animals, and is faftened by 5 or 6 
very fhort veficles to the fund of the ftomach, 

as 
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"^ alfo by certain rnembrancs to the kidnics, pan* 
£reasy and colon, A few conglobate glands about 
the bignefs of bees are alfo found towards that 
end of it next the ftomach, which is fomewhac 
bigger than the other. 

The kidnies are | an inch thick^ 2 inches long, 
and about as many broad ; the renal glanas arc 
under i an inch in length. 

The pancreas is at Icaft 2 foot long, and 
forms an angle^ the point whereof is fattened to 
the large lobe of the Hver^ by a fort of little 
threads ; it is divided into two parts, one whereof 
paffes under the ftomach, and is faftened to tht 
fpken and the left kidney ; the odier dcfcend- 
ing afong the duodenum B.nd Jejunum^ open into 
the fame by fcveral little paflagcff. 

The oefopba^us is wholly invefted with a white 
membrane, which appears like a kind of linings 
and may eafily be parted from the canal with- 
out tearing it. 

The ftcKnach is one of the moft fingulai^ 
parts in this animal ; it is upwards of a foot 
long» and 4 inches broad towards the fpleen, but 
it leflens by degrees, fo that after about two 
thirds, contracts a full | by a prcjcdiure up* 
wards of an inch* which advances into its cavity ; 
after this it widens about 3 inches towards the 
pylorus, which is confiderably prominent, and 
advances towards the fpleen by a membrane 
fattened to the oefopbagus at its other end 1 the 
widening above-mentioned feems to make a fe- 
cond ftomach, tho' its real ufe be no other than 
to retain the food a longer time, and cfpecially 
the more folid kinds, as wood, which here only 
yields a very flight cxtradt^ tor it pafiTcs almoft 
asitisfwailowed down, whirreas herbs, fruits, and 
loots, undergo an entire diflbluczon, 

VoL,ILN^. 17. Bb The 
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The membranes of the ftomach are fo thin^ 
that the part is ape to tear upon the leaft fwelUpg, 
tho* the flelhy membrane thickens on the fide of 
the pykras^ and fortifies it. We meet with no 
glands difperfed in this ftomach, but in lieu 
thereof it is befet with about loo veficl^ or 
little bladders, 2 or 3 lines long, which are faftened 
on the nervous membrane, and cover'd by the 
fleihy one, their fituation being between the 
ftrait i^art of the vcficle and the oefapbagusi 
all thelc veficles makes a kind of hemifpherical 
body, 7 or 8 lines high» and about 3 inches 
broad at bottom ^ the infide of each veficle feems 
glandulous, but they are fo delicate that they 
burft upon the leaft preffing them, tho* ^ch 
of them have its rcfpeftivc outlet, yet they cor- 
refpond to 12 little orifices about 2 lines broad, 
and ranged in 4 columns, which open into the 
ftomach. When the animal is dead, thefe vefi- 
cles arc found full of a white inodorous matter, 
of the confiftence of pap, but there is a deal of 
probability that it is fluid while the animal is 
alive J this matter is doubtlefs the diflblvent of 
the food, which in the cold countries, and during , 
the winter time, is only wood of the alder, elm, 
lime, afti, and fome kinds of poplar ; during 
the fummer they eat all kinds of herbs, fruits, 
and roots, efpecially thofe of diverfe kinds of 
water- lilJies. 

The inteftines of diis animal are very (lender, 
and about 20 feet long. The c^cum is in figure 
of a fey the, being retained in that pofition by 
2 ligaments which run, the one along its concave, 
and the other along its convex fide, it is 18 itiches 
long meafured on the former fide, and 30 on the 
latter. Its breadth is 4 inches at its large end, 
and may contain 5 or 6 li. of water i the caUn h 
4 fett long, and the rci^lum about 1 5 inches. 
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-" The bladder is like that of dogs ; and if the 
opening of the animal be continued to the root of 
the tail, we eafily difcern its tefticles, and the 
bundle mentioned above in the defcription of the 
cutaneous mufde. This bundle is a hollow mufcle 
which inclofes the yard and tefticles. 

The tefticles are fituate in the groin, refting by 
their bafe on the lateral parts of the ospubis^ and 
engaged in the fat. They are inclofed in feveral 
membranes furniflied them hy the peritoneum and 
mufclcs of the abdomen^ efpecially by the crema^ 
fltr mufcles whofe fibres being circular, give 
ihcm the figure of a cone : they are in all refpe6ls 
like thofeof dogs, whejn they are unravelled. 

The vafa dejtrentia grow confiderably bigger 
behind the neck of the bladder ; but they leflTen 
again ere they enter the urethra^ where they have 
outlets feparate from each other. 

The veJicuU feminales are fo engaged under 
the OS pubis^ that there is no feeing them without 
feparating them. They are ufually two inches 
iDng and one broad toward the middle, but poin- 
ted at the two ends : their paffages alfo open fe- 
parately into the urethra^ and terminate like thofe 
of the vafa deferentta^ in a flefhy eminence, a- 
bout the fize of a pea, being a fpecies of veru 
montanum ; afide of this eminence we find feveral 
Ktde orifices of the excretory dufts of certain 
glands, fituate around the neck of the bladder, 
which do the olffice of proftrates, and are full of a 
white oily liquor. 

The hollow mufcle is fituate between the os 
pubis and the aperture, at which the excrements 
are voided ; refembling, in fome meafure, an an- 
cient kind of pouch, wide and round at bottom, 
and narrow towards the top. A tendinous body, 
an inch broad, ties it faft to the lower and middle 
B b 2 lip 
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lip of the OS puhis^ from whence it dcfcends con- 
tinually winding to the common orifice above- 
mentioned. 

Upon opening this kind of pouch, from top 
to bottom ) about the middle thereof we dilcover 
the yard trom its root to the glans. It divides 
this cavity into two,afcer which the hollow mufcle, 
folding itfelf after a certain manner, forms two 
other cavities, fituate under the firft afidc of the 
glans. In thefe four cavities are lodged the bags 
which contain the caftonum \ tho% before we 
proceed farther, it may be neceffiiry to fpeak of 
the common orifice. This is a cavity^ about 2 
inches every way, when well dilated, in which ter* 
minate the bags of the caJioreum^uretbra^mus^mA 
the vagina in females ; it is about 3 inches diftant 
from the root of the tail, and 4 from the os pubis^ 
being blackilh, and bordered with a very fine 
hair, nothing like that of the reft of the body. 

The root of the yard is fattened to the lower 
lip of the OS pubis : hence it pierces the membrane] 
of the attus^ in the part where the upper bagjl 
communicate* This membrane adheres circu^ 
larly to the infertion of the glaits^ as the dia* I 
phra^m is to the mf&phagus. The lower part of] 
the yard, which is about 2 inches and a hiUf long* | 
is contained in the upper cavity of the hollow 
mufclc, being the part where it fcparates into 
two I fo that the gl^ns^ which is near an inch 
and half long, is intireJy in the anus^ between J 
the outlets of the upper and lower bags. Thej 
caftor attacks the female on the forefide, both on 
account of the fituation of the common orifice, 
and by realbn of the length and infiexibiltty of^ 
its tail, ^ 

Thtgims^ which is perfeiJtly like that of dogs# 
is covered with a skin grained like jCbagreen ; in 

the 
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ihe body of the yard we find a pyramidal boncp 
whofe bafe is faftencd to the corpus cavirnafum^ 
and is about 1 5 lines long. 

Under the mot of the yard are two bodies* a- 
bout the fize of wallnuts, faftened to the corpus 
cavernofum. Thcfe two bodies confift of flender 
veJicuU^ which fwell in the time of copuktion* 
by means of feveral blood veflels which form a 
kind of capfida to the urnbrm. 

In the fame place, we find two oval glands, a- 
bout I o lines long, and j or four thick ; their 
excretory vcflels, which are about the thicknefi 
of a com men bodkin^ and upwards of an inch 
long, open into the urethra ; about an inch deep 
in the yard, the fubftance of thefe glands are very 
firm, and contains a browniih oily liquor, which 
perhaps may lerve to detend the cavity of the ure- 
thra from the acrimony of the urine. The like 
are found in rats, excepting that they arc round. 

The genital parrs of the female caftor are like 
thole of the female hare, coney, or rat. The 
vagina of that of the caftor is 5 inches long, and, 
like the ureihra^ is not inclofed in the upper ca* 
vity of the hollow mufcic as the yard of the male 
is, but has lEs opening in the anus. 

*Tis affirmed, that the females go 4 months 
with young, and bring 5, 6, or b at a time ; 
yet M. Sarr^Jin has never found more than 4 in 
any of thofe opened by him. 

The female oiftor has 4 breafts, two ficuate on 
the great peftoral mufcic, like thofe of women, 
between the fccond and third of the true ribs, and 
two more on the neck, about four fingers higher 
than the former. 

The ancients, who did not difleft with much 
care, could not pefceive the caftot's tefticles, a* 
being very fmall and fityate in the groin. The 
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fize, figure, and fituation of the bags impofcd ^ 
upon them, and the firft full difcovery of thefc 
parts is owing to the royal academy. 

The bags, or purfes, contained in the upper 
cavities of the hollow mufcle, and which wc fhall 
bereatter call upper bags* contain a refinous 
matter i but thofe in the lower cavities, which, 
foe that realbn, we fliall call lower bags, arc ga- 
thered in clufters, inclofed under a common mem- 
brane, and full of an oily matter. The upper 
are double, and refemble a wallet i each bag 
whereof being about 3 inches deep, and one and 
half Wide at bottom, is placed, one- on the right 
and the other on the left fide of the yard. The 
bags defer ibe a kind of fern i -circle, as they ap- i 
proach the yard, and contraft by little and little 
to the very apertures, which are about an inch 
in diameter, and look into the cloaca^ 

There are 3 membranes obfervable in the texture 
of thele purfes ; the firft fimple^ but ^cy ftrougs 
the fecond much thicker, and befet with numerous 
veffels I the third is peculiar to the callor, being 
as dry as parchment, and about the fame thick- 
Dcfi, and tearing like it ; but fo folded on itfelf, 
that when opened, it extends to three times the 
fpace as belbre* It is very fleek on the outfidc, 
of a pearl colour, and frequently- fpeckled with 
brown, fometimes with red : it is uneven on the 
infide, being lined with little threads, to which 
the refinous matter ftrongly adheres. 

The firft membrane feems only intended to 
contain the purfes within their juft magnitude; 
the veflels which befet the fecond fupply the refi- 
nous matter which is mixed with the blood. This 
membrane follows all the folds of the third, as 
the pia mater enters all the finuffes of the brain ; 
Ibr the thirds there would be a great deal of pro- 
bability 



RoYAt ACABEMY nf SciBNCEs; I91 

ibility of its ferving to filtre the rcfinous mat-* 

[.matter, if any glands could be difeovered in it ; 

we are to fuppoie them however very fmail, and 

[perhaps the threads above-mentioned may be their 

[excretory dufts. 

This matter thus filtrated thickens gradually la 

[the purfes, till it arrive at the confiftcnce of a relin 

heated between the fingers^ when it is called 

\€afiQreum\ it preferves its Ibftnefs above a month, 

[after its being taken from the animal^ and fmells 

I very rank all this time, being brownilh on the 

oatfide, and yellowifii within*, but it afterwards 

loofts its fmelU ^^nd turns hard and friable, like 

other refins. It may be added, that it is com- 

buftible at all times i the largeft purfes weigh 

about two ounces. 

The lower purfes, at firft fight, feem double \ 
one on the right, and the other on the left fide 

■ of the tlmca \ but upon taking off the membrane 
which covers them, we fome times find two or 
three together, each cluftcr of thefe purfes is 2 

■ inches \ long, and 14 or 15 lines in diameter. 
The purfes are round at bottom, and leflen in- 
Icnfibly as they approach the deaca. The largefl: 

Ipoffefles the whole length of the cluftcr, but is 
only 8 or 10 lines in diameter The fecond is 
not ufually half fo big as the firft \ and the third 
is commonly the fmalleft. 
Thefe purfes, bcfide their common membrane, 
have each of them three proper ones : the firft, 
^ being of a very delicate texture, is interfperfed 
B with abundance of veficlcs. The fecond is not 
only thicker, but is like wife invefted, and, as it 
were, crufted over with glands, which feem to be 
conglomerate, and are fpread in clufters of dif- 
ferent magnitudes over the whole externa! furface 
of the membrane- In the middle of thefe cluf- 
ters. 
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t£ts^ wc find certain cavities, which open into" 
each other, viz. the larger into the fmaller, an 
thofc at length into the purfe itfelf by apertures, 
Jine or two in diameter. 

The third membrane is white, and fo very de 
licate, that it tears a5 if it were onJjr a cream coa^ 
denfed on the inner furface of the fecond. It ii 
|)erforatcd in the fame places as that other, in or* 
dcr to give paflage to the liquor filtrated in th«J 
glands* 

The firft membrane fuftains the blood vteffeli 
which furnifli the liquor to befecreted by the fc^ 
cond and third. This fecretion is performed b| 
the glands, upon pricking them very 0ightly, yield 
an oily liquor, and even^ that hi the purfe readiljl 
empties itfelf at flich punftures, upon fiightlj 
iqueczing the purfe. This liquor is of a pale yel-i 
low colour, full of little bodies, like thofc obfer-ij 
vable in oil of olives when it begins to fix ; tha 
of the caftor afterwards becomes perfedlly liquid^ 
and of an amber colour, 

The induftry of nature is here truly wonderful J 
who, to prevent the little pafiages of the purfesj 
into the claaea from being flopped, by the thic* J 
kcning of the liquor, or from ihri veiling by thdl 
aftion of the air, has befet them all wiih a kindl 
of hair about half an inch long, which arifing 
from the purfe itfcif a little beyond the paflage^ j 
runs the whole length thereof, and advances a j 
little into the cloaca. 

All thefe purfes, upper and lower, do not com-1 
municate with each other, their dufts, as alreadf 1 
obferved, terminate in the cloaca*, nor do we 
know what ule thefe liquors are of to the caftor. 
There is no truth in whiit is commonly alledged^ 
that they ferve to excite its appeticc when lan- 
guilhing y and M, Sanajmy rho* he kept one 
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•of thefe animals 2 years, yet could not pcnc* 
•tface into their ufe. It is a miftake likewife, thac 
the hunters make, ufe thereof, as a bait for catch- 
ing caftors in fnares ; but 'tis cuftomary to anoint 
the fnares laid for predatious animals therewith, 
as fojtes, bears, martins, but efpccially carcajoux, 
•which laft, in the winter time, attack the caftors 
in their dens, which they frequently break up. 

Among the favages the women greafe their hair 
with the oil of the caftor's bags, but it fmella ill, 
And can -have no charms, except for a favage. 

From the abdomen we muft paf§ to the tbaroic 
of the caftor ; this part is about 5 inches long, 
/Very narrow at top, much wider towards the 
bottom, and clofe by 14 ribs, viz. fevea true 
IIMIes, which are very fliort, and fevcn fpurious 
ones, which are not only much broader, but 
icave a confiderable fpace between them. 'Tis 
-by this means the caftor is enabled to contradt 
icfelf foeafily, fince the ribs are quickly, drawn 
together by the aflion of ti^ circular fibres of 
the firft mufcle. 

The Jiernum confifts of 5 narrow bones *, the 
fixitiform cartilage, which is about an inch broad, 
in round and very flexible ; the lungs have 6.1obe&, 
3 on the right fide, two on the left, and a fmall 
one inclofed in the mediaftinum j the annular car^ 
tilages of the trachea confift only of one piece. 

The heart is about 2 inches long, and the bale 
thereof fomewhat above an inch and \ in dia* 
meter ; its ventricles are pretty equal, but the 
right auricle is much fmaller than the left, and 
yet I do not hereupon conclude, that the quantity 
of blood, falling into this ventricle, is Icfs pro* 
portionably to its bulk, than what is received 
oy the other \ for the lower vena cava is her« 
omfidembly widened^ and forn^ a kind of bag» 
VoL.II. N^i;. Cc fur- 
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furrounded with flcfhy fibres, being abodt an 
inch and | in diameter ; this bag ads in concert 
with the right auricle for filling the right ventri- 
cle, and being narrower next the liver, is clo- 
fed by 3 Valves like the figmoides^ which permit 
the blood to purfue its courfe, but hinder its re- 
flux, which otherwife there would be danger of, 
by reafon the upper vena cava^ in lieu of open- 
ing into the auricle, goes backwards, and empties 
itfelf into this bag, fo that the two dreams of 
blood here meet in oppofite directions ; and the 
left fubclavian, in lieu of purfuing its courfe into 
the upper vena cava, defcends over the lower 
branch of the aorla under the bafe of the heart, 
and opens into the facculus abovementioned. 

As to the head, the mod remarkable things 
therein are, ift, the occipital bone, which is pla- 
ced like a plate on the back of the head ; 2dly, 
there is no inner finus in the falx of the dura- 
mater J which membrane makes a flight divifion 
of the brain, being fuftained by oflicles, infertcd 
in its own fubftance, fome whereof are only bony 
lamime^ very folid tho* thin, while others are 
round, about a line in diameter, and 2 or 3 lines 
long; gdly, the brain has no fenfible finus's, 
but the pia mater feparates from it, as if it were 
only laid on a fmooth body -, 4thly, the cert- 
bellum has feveral bunches or prominences of 
different figures, which are feparated fi-om each 
other by the pa mater •, two of thefe fpring from 
the fides, and are about \ of an inch every vray ; 
5thly, the eyes are very fmall, the aperture of 
the eyelids not being above a third of an inch ; 
the cornea is round, and the iris of a d^ep blue •, 
6thly, there is a third fort of eye-brow, fituatc 
in the large canthus of the eye, which ferves as 
a curtain to cover or uncover the cornea^ at the 

dif. 
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difcrction of the animal ; 7thly, the two jaws, 
which are very ftrong and nearly equal, are each 
fiirniflied with 10 teeth, 2 cutters, and 8 grin- 
ders; the cutters are fituate at the end of the 
ihout I thofe on the upper fide are about 8 lines 
long, and thofe on the under fide a whole inch ; 
the roots or twangs of the former are 2 inches 
i long, and thofe of the latter three, following 
with all the curvity of the jaws, which gives 
them an incredible ftrength; accordingly the 
caftor will fell the largcft trees by meer dint 
of teeth •, 8thly^ as thefe animals live chiefly on 
dry foods, nature has furnifhed therti with fali- 
val glands of prodigious bulk, to furriifh moifteh- 
ing enough •, they poflcfs all the under part of 
the lower jaw,, the fore-part of the neck, and 
defcend as low as the clavicles ; they are covered 
with a mufcle, which adheres' to the fkin, and 
confifts of 2 plans of flefhy fibres, fattened to 
the fecond, third, and fourth vertebra of the 
neck, by a flefliy origin 4 fingers broad ; thefe 
2 plans, taking contrary courfes, invefl! the neck 
towards the trachea^ whereon their fibres crofi 
each other, fomewhat in manner of a mat ; that 
arifing from the right fide, proceeds towards the 
left, and is infertcd by its aponeurofis into the arm, 
the bend of the elbow, and the firft joint. The 
other plan, taking an oppofite courfe, is inlerted 
after the fame manner into the other arm ; this 
mufcle is faftened a-top to the whole lower jaw, 
and at bottom is fuftained on the fat, and defcends 
to the clavicles ; its ufe is to fqueeze the glands, 
by forming the jaw, and bringing the arms of 
the animal nearer, at the fame time that it holds 
its food in its hands. 

- The caftor's tail has no relation to the reft of 

its body •, it fcems rather to approach the nature 

C c 2 of 
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of a fifh, being covered over with a fcaly (kin, 
under which we find a firm kind of fat, much 
like the flelh of a porpoife, which was probably 
what chiefly contributed to the caftor*s pafling 
for an amphibious animal. The fcales are hexa^ 
gonal, \ a line thick, and 3 or 4 long^ being 
joined tc^ether by a thin pellicle, and fet in the 
fkin, from which they eafily feparate, after the 
animal is dead. Between each fcale arife three or 
four hairs, about 2 lines long, which are more 
numerous on the fides of the tail than clfc where. 

For the motion of this tail ^cre is a great 
number of mufcles, fome large and others fmaller ; 
the largcft are fattened on the tranfverfe afophyfes 
of iicit OS facrum^ and their tendons tliflributed 
in bundles of 4 or 6, each enclofed in (heaths, 
which carry them along the vertebrae of the tail. 
The tendons of the IcflTer mufcles are faftencd 
and confounded along with thofe of the firft. 

The caftor being deftined for works of archii^ 
tefture, fells and cuts wood with its teeth, foftens 
and kneads the clay with its feet, and its tail not 
only ferves for a trowel, but as a hod for car- 
lying mortar ; and hence the reafon of its being 
fcaly furniflied with fat, and with a multitude of 
ITiufcIes. 

The fore-feet are like thofe of other animals, 
which hold their meat between their feet, and thus 
bite it by degrees, as rats, fquirrels, fcf f. but the 
hind feet have no relation thereto, being liker 
thofe of river fowls, and which are webb- footed, 
as ducks, geefe, fcfr. fo that the caftor is fit 
either to walk on the ground, or fwim in the wa- 
ter. From the tip of its nofe to the thighs, it 
reft^mbles a rat ; but from the thighs to the tail, 
\t is more like onq of the flat-foqtcd kind of river 
towl. 

To 
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To the anatomy of the caftor, M. Sarrafin has 
fuUed feveral obfervations relating to their maa* 
OCT of living. 

Firft, when the large floods are over, the ft^- 
males return to their cells to bring forth their 
yoUQg ; the males keep the field till June and 
Julyj nor come home till the waters be quite 
iow ; they then betake themfelves to repair the 
damages which the floods have made in theu: 
houfes, or elfe make new ones ; they change 
their place chiefly on three accounts, ift» ^yhea 
they have fpent all the food within their reach 1 
2dly, when the company is too. numerous, and, 
jdly, when the hunters molefl them too much. 

Secondly, To fix their dwelling, they chule 
a place, fruitful in provifions, watered with a 
little river, and fit for making a lake therein,; 
they begin with building a caufway of ^ fuffiqi- 
cnt height, for railing the water to the,firft bed 
or apartment of their cells. If the country be 
flat and the river deep, the caufways are built 
long, but not fo high as in valJies; thefe cauf- 
ways are 10 or 12 feet thick at their foundation, 
but diminifh as they rife, and a-top are rarely 
above two. The animal having a great talent 
at felling wood, does not fpare it, but curs it 
ufually in pieces about the thicknels of the arm 
or thigh, and from two feet to fix feet longs 
thefc they ufc as (lakes, finking one end of 
them deep in the ground, and very clofe to - 
each other, waitling them with other fmaller 
«nd more pliable pieces, and at lengcfi filling 
up the vacuities with clay. This work they con- 
tinue while the water rifes for the greater conve- 
viency of tranfporting their materials, but at 
length they put a flop to this kind of dyke j 
when 4^^ watery retained may reach the firft. 

ilratum 
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ftratum of the habitation intended. That fide of 
the caufway, contiguous to the water, is built flop« 
ingt fo that the water afting in the dire^ion of 
its depth, preflfes it ftrongly againft the ground j 
at the fame time the oppafuc fide is perfeftif 
perpendicular V this work is ftrong enough to 
bear people who get upon it» and the animals 
take great care to keep it in order, never failing 
to repair the fmaJleft breach with clay ; if they 
perceive that the hunters obferve them, they only 
work in the night-time, or die quite abandon 
their dwelling* 

Thirdly, when the caufway is finifhed, they 
go to work on their cabbins, which they always 
build very ftrongly at the edge of the water, on 
fome little ifland, or in piles drove for the pur- 
pofe- Thefe lodges are either round or oval^ 
and ftand about f out of the water, but they 
take care to leave a door, which the ice can- 
not ftop I fome times they build the whole houfc 
on dry ground, and dig ditches five or fix feet 
deep, to the edge of the water. The fame 
materials are ufed for their houfes as the caufway% 
tho' the former are perpendicular, and terminate 
in a kind of dome , the walls being ufually two 
ieet thick ; as their teeth are equivalent to the 
bcft faws, they cut off all the ends of timber 
which come beyond the walls, and plaifter them 
over both infide and out, with a kind of mud 
made of clay, and dried herbs, and here their 
taif ferves them in good Head to beat and lay 
this pkifter the clofcr, • 

Fourthly, the infide of the cell is roofed with 
z flat vault, and may ferve to lodge 8 or 10 
caftors; on the out- fide it may meafure 8 or 
10 feet broad, and 10 or 12 feet long, fup- 
pofing it oval I within-fide it may be 4 or 5 

feet 
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feet broad, and 5 or 6 long, if the number <£ 
cailors to inhabit it be 15, 20, or even 30, which 
bowever rarely happens. The houfe is ma(fe 
large in proportion, or even feveral houfes are 
buiit clofe to each other. Some miffionaries 
affured M. Sarrajin^ that they had found four 
hundred caftors lodged in different cells, which 
communicated with each other ; they are built m 
ftories, that the animal may have a retreat whea 
the waters fwell -, they have alfo an aperture bc- 
fide the door, and the place where they bathe; 
by this aperture they go to the water, to void 
their excrements. 

Fifthly, the name terrier caftors is given to 
fuch as lodge in caves, built where the grouod 
rifes over the edge of the water -, thefe begin their 
houfe by an aperture, which goes farther or lefi 
into the water, as the ice may be moreoriefe 
thick, and continue it 5 or 6 feet long, but make 
it no broader than is neceffary to afford them paf- 
lage; this done, they make a lake 3 or 4 feet 
every way, wherein they bathe themfelves at 
pleafure -, then they dig another gut in thegrouBd, 
riling in ftories one over another, that they may 
always place themfelves dry when the waters 
fwell ; thefe guts are fometimes a hundred fe^ 
long ; the caftor covers the place where it lies 
with grafs, and in winter makes a kind of flucr« 
ings, which ferves it for a quilt. 

Sixthly, All thefe preparations, efpecially 
thofe of the caftors, which inhabit cold countries^ 
are ufually finiflied in Auguji and Septemb^^ 
which is the time when they are to begin mak- 
ing provifion for the winter's fubfiftence 5 they cut 
wood therefore in pieces, from 2 or 3 feet long, 
to 8 or I o, the largeft whereof are drawn by fe- 
veral of thefe animals together, and the fmaller 
I by 
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by a fmgle onc» but all in different roads, to prtf*l 
vent their obftrufting one another. They firftJ 
ky a certain quantity of thefe to float in the wa*j 
ter, then lay new ones on the firft, and oontinuc 
thus heaping one piece o^er another, till their 
ftore be anfwerable to the number of animalfj 
which intend to live together. Thus the pron-l 
fion for 8 or lo caftors is 25 or 30 feet fquarf^j 
over 8 or 10 feet deep. This woixi is not laid 
like that in our yards, but is fo difpofed, that] 
they may pull out what piece they pleafe, for | 
they Only eat thofe which dip in the water i| 
before they eat them they chop them fmall, and^ 
bring them into that part of the cell where theyl 
lie ; if they had chopped ere they laid them op 
in their wood- yard, the water would have difper- 
fed and driven them afunden ^ 

Seventhly, As to the caftor-hunting, it is per- 
formed from the beginning of November to 
March and Aprils they being then well furnilBed 
with hain The way of taking them, is cither 
by lying clofe and (hooting them, or laying ,| 
fnares, or making holes for them in the ice : the 
firft is the moft tedious, as well as the moft 
precarious way ; the ftcond is the moft com- 
mon, tho* the caftors have fufficient provifions, 
y^*t they will be going from time to time into the 
w«x)ds to feek for new food, and the hunters, who 
know that they love frelh wood better than that 
which kis been long kept, bring it them ntir 
their houfes, and lay traps for them* like thoie 
wherewith we citch rats, fevera! flakes 3 or 4 
feet long, being driven deep into the ground* 
there is one heavy crofs ftake niifed a foot and a 
half high, under vyhich^ by way of bait, is pl.iced 
a branch of poplar, 5 or 6 feet long, which 
leads to another very flendtr branch. This Jaft 

con c* 
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correfponds fo nicely to the crols piece, that the 
caftor may fhake the firft as long as it pleafes, 
the crofs piece never falls till it begins to knaw 
the little branch, and then it is infallibly a pfi- 
ibner. 

• Eightly, The laft method is to dig holes in 
die ice, when not above a foot thick, the caftors 
will not fail coming to thefe holes to breath, and 
here the hunters are ready to attack them with 
axes. Some hunters will fill up thefe holes with 
flocks of typha, to prevent their being fpied by 
the animals, and in this cafe catch them by ft hind 
foot. If there be any rivulet near the cabbin, 
they cut the ice a-crols, and lay a ftrong net 
therein, which done, going to ftorm the cabbin 
and drive out its inhabitants, they naturally run 
for lafety into the rivulet, and throw themfelves 
into the fnare. 

VII. 7he defcription and ufe of a level of a 
new conjirubion^ by M. de la Hire *. 
The great aquedufts, which the ancients have 
made, might^ave perfuaded us, that they were 
Tery fkilful in the art of levelling, if the inftru- 
ments which they ufed, and the whole artifice, 
ifirhich they employed, had not been handed down 
10 us in the works of Vitruviu^. Their great 
level, which they called cborpbates, was a piece 
of wood- 20 feet long, fupported by fome pieces 
at the extremities, and which had in its upper 

f)art a canal that they filled with water, with fgme 
ittle plummets, which hung to the' fides, to be 
aflured if the piece was in a level ^ and this was 
•the whole extent of their levelling, for they car- 
. ried the cborobates from 20 feet, to ?o feet to 
conduft their work. 
♦Nov. i2» i704y 
Vot.IL N^.i8, D4 But 
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But the new difcoveries that have been made it 
the academy of fciences^ and the different Icvela 
that have been there invented ivith tekfcopes 
^ivhich ferve them for fights, have given us th^ 
means of makings levels with a great deal mord 
juftnefs, and with much more eafe, than all thofej 
which have been made till this time, fmce wc 
may level at once a diftanccof looo toifcs^ wkhf 
out any fenfible error. 

We have in bur hands the levels of M* Pkard2 
MarioHe^ Huygens^ Thevenoty and Roemcr^ whofij 
conftruftions are all diflFerent, and I have alfc 
given one which draws its juftneis from the furJ 
iare of water \ a defcription of which I have 
printed in M. Picard\ treat ife of levelling in 
1684, and which was afterwards copied in the 
memoirs of the academy in 1699. But the fur* 
veys that I have formerly made by order of th 
king, in different places and at different time 
For the fpace of about 100 leagues, have fhev 
me, thatalmoft all thefe levels have great incon- 
veniences in rhem, and that they cannot eafily 
tranfported without our being obl^ed to reiflity 
them, and fometimes to reftore the fight", which re 
quire pretty troublefume operations. Not that it \ 
necertary to make ufe of a juft level to make ej 
aft furveys, fu^ice wc may eafily arrive at it bi 
taking fome prccaudons, as is obferved in 
Pkard's levelling, and as 1 have explained it af 
ter wards in a ii:tlc treatife of levelling, which 
have given to the publick. 

The * level, which I here yefcribe, and whic| 
I made fometime ago, is conOrufted upon 
different principle from all other levels which 
have hitherto appeared : for they draw all theita 
juftneis, either from the centre of gravity of t^ 
body of the whole level, which is fufpendcd upon 

^lacc IV. rig. ic^. 



Royal Academy ^Sciekces. 203 

a body flexible or otherwife, or frbm a plum- 
elet alfo fufpended to a thread, as fine as a hair ; 
or. laftly, from the furface of water, or fome o- 
iher fluid body, whofe furface is always leveJ. 
But this here is not at all fufpended by any body 
whatever ; on the contrary, the centre of gra- 
vity of the body which fcrves it for a rule, as it 
does to many others, is placed above the point of 
fupport ; fo chat if it was poflible, that the centre 
of gravity of the body, which is a mathema- 
tical point, fhould remain immoveable upon the 
fupport, which is the niceft point that it is pof- 
fible to make ; we fhould then have the true level, 
which would be the perpendicular line drawn to 
that which pafles through the centre of gravity 
and through the fupport. But as it is impofliblc 
to make the centre of gravity ftay in a fixed 
place above the point of fupport, we take for 
the true level the pofitioa where this point is in- 
different to fall either on one fide or the other. 

It will perhaps be faid, that this principle is 
not fo juft as that, where the heavy body is fuf- 
pended by a flexible body ; but if we make the 
leaft: refleftion upon thefe fufpenfions, we Ihall 
fee that there are very great irregularities cauled 
by the nature of thefe bodies ; befides, if the 
whole machine is expofed to a little wind, it is in 
a continual (haking and agitation, and it is im- 
poflible to determine the level, I fay nothing of 
the remedies, that are brought to thefe fliakings, 
as of plunging the weight iufpended to the ma-. 
chine in water or oil to fl:op the vibrations, fince 
even this remedy has great inconveniences, and 
yet is not fufficient. 

This which I propofe is firm, folid and fl:eady, 
being once well conftru<5led, and it may be car- 
ried about as we pleafe, without being afraid 

D d 2 that 
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that it may alter; and if it makes any alteration, 
it will be very eafy to reftify It withouc changing 
its place, or» as we fay, a fingle ftation. 

The new fights upon glafs, as I have propofed 
them to the academy^ and as they are defcribcd \ 
in the memoirs of 1700, and in my aftronomical I 
tables, give it alfo a very great advantage above- 
all the reft \ for thefe fights are unalterable by all 
the changes of the air, and cannot be fpoiletf by 
any other accident wl^itever, tho' they fiionld be^ 
at leaft as fine and (lender, as the threads of a] 
lllk-worm, which have been hiiherto confidcredj 
as the moft fit to make exaft obfcrvations with* 
It is very eafy to make them, fince it is only a i 
little line, or very fine ftroke, marked with al 
diannond upon a little bit of glafs, which is fixed 1 
to the focus of the objeft-glafs of the tclefcope ; j 
for the centre of the objeft- glafs is in the room of 
an objeft-fight, and the ftroke upon the glaisj 
fcrves for an eye-fight. It is eafy to judge, thai 
this eye-figlit cannot fuffer any alteration orj 
change, eiilier by heat or cold, by little tnfefls 
which fix themfelves to the filk, by touching it,l 
or, in fine, by carrying the inftrument in any 
manner whatever \ for it will be as folid as thcj 
objeft- fight* 

The principal part of this level is an iron rule, 
which bears at its cxtiemities the figlits or diop- 
ters, which are an objcft-gI:irs oi a ttrlefcope^ 
for the objed- fight 4 and for the eye- fight, 9^| 
little bit of glafs with a little ftroke, as I havc^ 
juft fiid. This glafs runs in a frame or groove, 
that it may be ftoppcd at what height we picafe* | 
This rule is inftrad of d'^e body of a telcfcope, 1 
which has no eye glafs, and has no othtr tube ' 
than the whole box, which is blacked on the in* 
fide and wellclokd. 

Tlicre 
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There is under this iron rule another rule placed 
upon the ground, which ferves to make it more 
firm, and has in the middle another picc6of iron 
or brafs, about f of the length of the firft, with 
which it is placed in a fquare. This piece in- 
creafes in width at the bottom, Co that the breadth 
is perpendicular to the length of the rule of the 
tclefcope. At the extremity of this piece are fol- 
dered on both fides the pivots, upon which the 
machine moves ; and confequently as the whole 
body of the level is moved when the pivots are 
pretty near upon a level, the telefcopc rifes and 
falls in its^motion. 

There is a little care required in the conftruc- 
tion of the pivots. Their cut muft be in form 
of a very acute lozenge, with a fharp point, 
both at top and bottom -, for it is by thefe places 
that the whole level is fuftained upon the fupport* 

The pivots are of tempered fteel, and the place 
where they bear upon the fupport is a litde hol- 
low, altho* fharp, that in the motion of the level, 
they may not get from either fide. There are two 
fimilar cavities oppofite to one another for an ufc 
which wc fhall hereafter explain. 

The fupports are fattened with fcrews to a par- 
ticular piece, which is of wood, and this piece b 
• held in the bottom of the box with fcrews, irt 
fuch a manner, that it may be drawn out of the 
box with the whole level which refts upon its fup- 
ports. 

Thefe fupports are made of a flat piece of tem- 
pered fteel, in which are two round apertures, of 
which the inner one is blunted, to fuftain the 
pivots of the level, and to be firm enough not to 
fpoil, in the motion of the level. 

The box that inclofes the level, may be made 
of what figure you pleafe on the outfidc j But 

the 



ao6 ^e History ^;7^ Memoirs o/tBe 

the whole kvcl being of the figure of a T, the box 
aaght to be pretty near the fame figure, and it 
iwuft hold the inftruments in fuch a manner^ 
that it^ has only liberty to move a little on each 
fide. At the two extrenniities of the upper part 
of the box, which is the tranfverfe of the T, 
rficre are two round covers, to one of which is 
fixed the end of the tube, where the porie ccu^ 
hire enters ; for the eye-glafs is not faftened to 
the telefcope, and we may by this means bring it 
nigher or farther from the eye- fight, according 
to the ftrength of the obferver's fight. The a- 
perture of the other end of the box ferves to let 
the rays of the objefts pafs, which meet the ob- 
jcft-glafs, or objeft- fight. 

Toward the eye-glafs at the lower part of the 
length of the box, is a pretty long fcrew, which 
moves in a nut fixed to the box; This fcrew 
ferves to raife the end of the iron rule, as occa- 
lion requires. The furrows of this fcrew are 
Very fine to raife the rule as it were infenfibly by 
turning the fcrew. ' 

Oppofite to the fcrew, that is, in the top of 
the crofs-way of the box, there is within a very 
flender fpring, which is held to the box by the 
extremity fartheft from the eye-glafs, and at the 
other it bears a peg with a button, which paflcs 
to the out-fide of the box. This peg ferves to 
drive the fpring downwards ; for in its natural 
ftate it is applied againft the top of the box on the 
infide. 

There is at the fcrew a repaire^ or mark, to 
let it into the nut juft in this place, and then the 
rule of the telefcope, being reftcd upon the 
fcrews, the telefcope is over-againft the apertures 
of the box. 

Thefe 
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There is then nothing to be done but ^to place 
die fights, fb that their true line be perpendicu^ 
lar to the plane, which pafies through the centre 
of gravity of the whole level, and through the 
line of the fupports, and this is Called rcftifying 
it; and as aU the parts that compofe it are fblids; 
being once well rcdificd, it will not afterwards 
change : wherefore it is fufficient to redkify it well 
in conftrufting it, by fome of the ways which 
are explained in M.^Picard's treatife of levelling; 
by eftablifliingtwo points of level, and alio with 
the level without being reftified. 

To reSliJy the level. 

Suppofing then that we have two points of le- 
vel A and B, about loo toifes diftant from one 
another, we place the telefcopc at one end of thefe 
points as A, and point it toward the other point 
B, raifing or finking the box gendy. And when 
the objeft B appears- upon the eye-fight, if the 
rule of the telefcope is placed upon the point of 
the fcrew, and it is not in a ftate of falling for- 
ward, that is, toward the objed-glafi, which wc 
may know by puftiing or raifing the rule a little, 
. by turning the fcrew •, for then the telefcope falls 
lower, and it is alfo placed upon the fcrew. This 
(hews, that the part of the whole level, which is 
towards the eye-glafs, is too heavy ; therefore 
the part of the rule toward the obje6t-gIafs muft be 
changed, by means of a little weight which (hall run 
upon the rule, and may be (lopped in whatfoever 
place we pleafe with a litde fcrew, or only charg- 
ing it with a little foft wax and lead. We charge 
this part of the rule fo much, that the fights being 
pointed toward the objcft B, are indifferent to 
reft upon the point of the fcrew, or to fall for- 
ward, and then it will be reftificd. 

I But 
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But if at firft the fights being pointed toward] 
the objcft B, the rule cannoc keep upon the 
fcrew ; we fliall know by that the part of the 
level toward the eye- glafs is too light, and then 
it muft be charged as was done in the other cafe, 
till the level is in an indifferent ftate of falling or 
refting upon the point of the fcrew i and then J 
the level will be rectified. 

We might alfQ^ inftead of charging the rulel 
on either fide, raife or fink the eyefight in its] 
frame^ till the level was juft ; which wc might do] 
if the level is not far frot^i being juft. 

We fhall obferve, that in thefe operations every 
time that the tclefcope falls forwards, it is re- 
placed upon the point of the fcrew, by pufhing 
thefpringat the top of the box, which drives thcj 
frame of the eye-fight downwards, and by that] 
means replace the rule upon the point of the] 
fcrew. 

As this level may be put in a reverfe Gtuation, 
which is when the tclefcope is below the pivots, i 
we muft explain what ought to be obferved iti^M 
the conftrnfting of it to ferve in this ftate. ™ 

It is certain, chat if the pivots were a mathe- 
matical line^ when the level is reverfed, it would 
point to the fame place where it pointed in its-^H 
right fituation, provided that this place was per-^^ 
feftly level with the place where the level is fi- 
tuated ; and to reftity it, we need only aim the^ 
telefcope at the fame point in the two fituations^B 
of the level, by increafing or diminilhing by de- 
grees the weight of one of the ends ot the rulc»^J 
But as the pivots muft have a conCderable thick^^^ 
nefe to make them folid, k may happen that the 
plane, which paftcs thro' the centre of gravity 
of the whole level, and through the line where 
the pivots reft, will not be the fame in the two 

licuations 
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fituaopns of the level ; it tnaft be redified in th^ 
reverfed pofition, the fame as in the right. But 
as we muft not change the fighjts which are rec- 
dfied, for the right pofition, we muft corred: 
43ic place of the pivots, where they bear upon the 
lupporc in the revcrfc polition. 
• The level being thereft)re jreverfed, if the fights 
do not give the faoie point, as in the right fitii- 
«tioR loaified, the pivots mu^ be filed a liitle 
» drive the point toward the objeft glafs, if the 
£ghts fall too k>w in the reverfc fituation, or to- 
iwird the eye-glafs if they rife too high. 

The pivots «iay alfo be made in another man- 
flcr, lb that the plane which (hall pafs through 
<be centre of gravity of the inftrumefnt, and 
«!hpough the place where the pivots reft, ftall 
fie .the fame both in the right and reverfed 
(itaation of the levd, and thus we may rtOAfy 
this level from a (ingle. ftation, without having 
ft line of level. 

JUi this feoond manner, the pivots muft be 
cylindrical, and very well turned and polilhed, 
HI the places where they bear upon and toodi 
Aeit foppof ts, .which ought to be a little hoHow 
likie i pully. Bcfides, the bottom and top <if 
the hole of the fupport which fuftains the pivots, 
muft be almoft in a right line, that the pivots 
may not touch fcnfibly but in one point. 

It is evident, that in this conftruftion of die 
pivots, the centre of gravity of the level, and ihe 
line which (hall. pa& thro* the places where the 
pivots reft in the two fituationslof the level, wUl 
be always in the fame plane, which ihall alfo 
pafstljro* the axis of the cylinder of the pivots! 

This fufpeafion of the level is not fo nice as 
the firft, bicaule the place of the pivot, where 
it touches upon the iupport, is of a circulftr fi« 

Vol. II. N*^. 18. Ec gure. 
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gure, and in the firft it is of a pointed figure 3.| 

littk blunced. 

^be ufe of the levels 

To matte ufe of this level* we muft firft pu^ 
the fcrew to its mark, that the fights may bi 

over again ft the apertures^ of the box. After- 
wards, by the means of the fprings, we drive the] 
rule of the telefcope againft the end of the fcrew^l 
4n fuch a manner, that it does not fall from thel 
.other fide,which iseafy to do.by inclining the box i 
and in this ftute, the rule of the telefcope being! 
placed upon the fcrew, without the fpring hoid*| 
ing ir, we bend the box by degrees toward tl] 
end, where the objtd glals is, till the telefoop 
falls on that fide. Then we hold the box as fire 
as pofllble in this Hate, either upon a foot oragainj 
fome other folid body i the telefcope muft be thell 
pointed toward the obje£t, that we would leve' 
and we ought to obferve exaftly the part of tt 
objeft that appeal^ upon the ftroke, which fcrve 
for an eye- fight. But as I fuppoie the telefcop 
to be pkced upon the fcrew, we muft pulj 
the fcrew gently, till the telefcope falls 
the other fide, and obferve well the pap 
of the objcft, which appears upon the ftrokfj^ 
. when the telefcope fills % and to be affured of it 
we muft drive back the telefcope upon the fcrew 
by means of the fprings and obftrve if it fells 
. again ; and if the fame objeft appears upon th^| 
ftroke of the gUfs, which appeared there befot^" 
We fiioukl thtn undo a very little part of the 
^ fcrew, and driving back the telefcope upon th 
fcrew, obferve what difterence there ihal) be 

i tweeji die objeft, which (liall appear upon 

..ftroke in this ftate of (he tcls^lcope, and, that 
. which appeared i\i£r^ before* It imift alfo 
■I _. . _ . cod 
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confidered, if the telefeope refts then upon the 
fcrew, or if it falls again from the other fide ; 
for to have the point of the level juft, the telcfcope 
being placed upon the end of the fcrew, muft be 
in a Ibrte of falling on the other fide, without 
falling, and we calinot raiie it the leafl with the. 
fcrew without its failirfg ; it is then that the ob- 
y&i which appears 'iii the telefcope upon the^ 
itroke of the fight, is in a level' with the ftrokc 
of this fight. V . 

Whajc I fay of the level, muft always be un- 
derftood of the apparent level, with relation to: 
the place where the inftrument is, which fcrves 
(b level,' as it is* explained in the treatifeof le- 
velling V for to have the true level correfpondingf 
CO that where the inftrument is placed, we muft 
make the correftibn to the apparent point of le-. 
vcl," with relation to the diftance between the 
place where the inftrument is, and the point le- 
velled ; but we do not here treat of the praftice 
of levelling* 

One of the advantages of this level is, that 
it may be reverfed, and ferve again to level in 
this fituation, without any preparation or change i 
and tho* it has then feme vibrations, they laft but 
a little while •, for they come only from the body 
of the inftrument, and not from the motion of 
the box, which muft be held firm, but wichoui: 
any fubjeftion, fince it lofes nothing of the juft- 
neis of the level, we may alio eafily ftop the 
ftiaking of the level, by fupporcing gently the 
fpring againft the frame of the fight, and by 
letting it afterwards replace in its natural ftate. 
" The fize of this level is not at all determined ; 
for the greater the telefcopes are, the more diftindt 
the diftant objects will appear; but it will be 
much more inconvenient to be carried about. 

Ee2 ^ I 
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I hzvt proved that one of thefe levelSj whofe 
height and kngth was but lo inches, determined 
the level to near 3 or 4 inchesatadiilanceof Jooa 
toifes, which is all we can hope from a level, 
fince an objeft of this bignefs^ at this diftancep 
is entirely covered by a fingle diread erf filk. 

We may make ufc of different fappOfts ; bu< 
one of the moft convenient ways for pra£tice^ wiU^ 
be to fix the box of the level very firm with a 
fcrew^ againft the crofs of a painter's cafel* which 
is iblid ; we might alfo hold it only in the hand, 
and bear it againft fome very ftable body, whilft 
the operations are performed. 

Ic muft be obfcrvcd, chat when we would 
tranfport this level, the pivots fhould not beat 
^t all upon their fupport, which will be very 
cafy, if thcfe pivots ]ut a little out of the box, 
and if there is in this place upon the box two 
forts of hooks, which are engaged in the ends 
of the pivots, and hold all the level raifcd out 
of the fupports* We might aJfo fix the telefcope 
againft the end of the Icrew,- by means of the 
fpring, which fliall be refted upon the fight; \ 
but if we would opsn the lid of the box, we 
might engage the whole level between fomiH 
brackets, which will hinder it from balatJcingH 
on One fiile or other, in carrying it a long jour* 
ney. ~ 
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PniLOSpPHJCAL PrtCdvKlt.IJBS JfiTf^ Qb- 

sERVATiQKs in ^e MisTpitr of Hhe 
Royal Ac ademy cf ^ jenc.?* *t P^i, 
. forthfi Year 1705. 

I. 0;z /^^ dtfirent heights vf ith^ Seine 4^ 
SJ^^ififfit 4imes 5 trmjkted by Mr. Cham- 

EVERY thing is to be obferved, and the 
' pnefcm -obTcur^ty df phflkl^ is not moib 
owing CO this, th^xxiHf^ are Md« than that tffeAs 
tbead^ves are yet unclifcpvei^. M. 4mmfoHs 
had begun to procure obferviitions of the diffe- 
rent teights of the ^^A9^, at dilFcreiic times, bjr 
means of a friend, whofefeonfe was ooiwnodi- 
tiufly (ituate for that end, and who hsd 'Caken a 
fixed point on the maffive of Pont-NtuK which 
iiipports the equcftrian ftatue of limry ^Vl. 
iiavot Jie told day by dsy the rifings or fall- 
ings of the Seine^ upon an immovable fcale 
fiijod thereon, which he <X)uld obfervc wkh a 
telefcope. M. ^mentonsy having the journal of 
thefe obfervftfions, fwm the f4ih of &ep(mft€rj 
1703, -to the laft of Decemigrj 1 704, • <Jigefted 
them in the following manner. 

He divided the whole into rifes and falls of 
water, noting, ift, for inftance, how many days 
the water continued rifing from the beginning of 
the obfervations, and how much it had role ; 
then how many days it conliiiued falling, and 

wiiat 
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what the whole fall was \ then again, how many 
days it had rifen, and fo on. 

By the bare journal of thefe obfervations it 
appeared, at what time of the year the water had 
been higheft or loweft \ how much it had been 
higher one year than another, ^c. and by this 
divifion of the obfervations, into rifes and falls, 
the number of rifes and falls each year, with their 
duration, magnitude, and other relations, exadly 
appeared. 

For an inftance, from the 14th of Sep ember ^ 
1703, to the loth of February^ 1704* there ap- 
peared to have been 8 rifes, all which together 
made 223 inches, and it continued 77 days; 
that from the loth of February 1704, to the 
18th of September following, there had been 8 
more elevations, which only made 163 inches, 
and it continued 70 days. Hence M. Amontons 
inferred, that the rains whereby the Seine is 
fwelled, had been more hafty, and fucceeded 
each other fafter from the autumnal equinox of 
1703, to the vernal equinox of 1704, than from 
this laft equinox, to the autumnal one following ; 
inafmuch, as the fum of the former elevations 
was almoft double that of the latter, tho* in 
times nearly equal. 

• As to the different falls of the water in the 
fame times, their quantity bore a nearer rela- 
tion to their duration -, hence it may be inferred, 
that as the waters do not fall fo readily as they 
rife, *tis probable that rivers while they are high, 
fend waters, into the ground, which return to 
them again, and ferve to fupport them. . 

Thefe notions we only give as a fpecimen, of 
the confequenccs that might be drawn from a 
fufficient number of juft obfervations, upon the 
heights of rivers at different times ; they who 

Vol. II. N^. 18. Ff have 
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have any relilh for philofophy, and have oppor- 
' tupities of niaking them, we hope }iril| be ipyi^ 
hereby to put their hanos to the plow. 

II. Of a proper vejffel in 'ipbicb bpdks 0rf f^ 

be expo fed to a burning mirror. 

The bodies which are expol^d tg the burpipjg^ 
mirror of. the royal palape, can pnly be pjjt ifltp 
a great hollow coal, becaufe all other veflJbU either 
melt or break with fo great a ftre. ^ut M. Horn- 
berg has obferved, that this coal muft be pf 
green wood, and not of jlry. The latter is fu)| 
pf cracks, becaufe when they m.^ke it, the fl^fnc 
paffcs thro* the wood with too niuch rapidity^ 
and in too great a quantity, and popfec)uend]p 
it is lefs proper to contain the bpdiea m fuGQIlt 
which we would preferve. 

III. Of fome extraordinary lights fcen in the 

beave?2s. 

Father Laval a jefuit, who is at Marfeilles v 
and Mefl! de Plantade and Clapies^ who are at 
Montpelliery'knt to M, Cajfini^ with feveral aftro- 
nomical obfervations, the account of a luminous 
fbcenomenon^ which had been feen Dec. 26, 1704, 
at ^ 30', in the evening at Marfeilles^ and at 5? 
\ at Montpellier. We cannot doubt by the cir- 
cumftances of the two accounts, but that they 
were the fame. At Marfeilles^ where it was beft 
obferved, F. Laval faw a very luminous beam 
driven pretty flowly from E. to W. the wind 
was E. It came from ntdiV Venus ^ at leaft as 
€Ould be judged by the eye, and went to the- 
fea where it plunged, at moft two leagues broad. 
There were feen before at Marfeilles^ or there- 
I abou^ 
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aboirts, 2 beams like this, and having the fame 
motion. At Montpeliiet thej^ fa^, it ikt hour 
mentioned, a globi of' fire ftH at fome diftancc 
from the city. The air was then very clear and 
calm, and a faint yeliow cofdiir h'nged all the W. 
for more than 10 degrees in height. 

iV. Of an unufual Jhiell in the wines of 
Anjou. 

M, Lemery was told By M. I>elijle^ apothecary 
at Angers^ that the beffi wirics made at Atuou 
in 1704, had, in ax fortnight or month after they 
were made, a fmell of burnt horn, which only 
increafed with time. It always retained it Very 
much, ahho* they changed the cafks. 

V. Of fome extraneous fojjils found at Anjou. 

The fame M. Delijle found at Anjou^ in a 
(hallow quarry, very diftant from rivers and 
ponds, fome of the pretended tongues of fcr- 
pents petrified, fuch as are found at Malta^ 
and which are in reality the teeth of fharks per 
trified. 

t|e found alfo in a quarry, where the {tone 
is very foft and hardens afterward in the air, an ^ 
infinite number of little figures of Ihells^ which 
in fome places had only the firft traces, and 
were a fort of embryos ; in others they were 
more fornK:d, and in others per fed. 

We may. add to thefe obfervatioas, what has 
been faid upon tlie famsi fubjcft, in the hiff. of 

^ Page 1 3 of ihi$ volume. 
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yi. Of a fort of beeMves^ found in fonts 
in the Upper Egypt. 

M. Dodart having received from M. Lippi^ 
who travelled into Ethiopia with M. du Roule^ 
the king's envoy, a letter dated from Siout^ in 
Upper Egypt ^ Sept. 5, 1704, which containing 
^ lingular fafb, he communicated it to the com- 
pany. M. Lippi found upon the mountains of 
Siouty at the entry of a vaft cavern, a body Of 
real ftonc of an irregular figure, quite porous, 
which he had the curiofity to open. He was very 
much furprifed to fee it all divided into oval cells 
of 3 lines broad, and 4 long, placed even every 
way, and not communicating at all together, li- 
ned on the infide with a very fine membrane, 
and, what is the moft wonderful, each inclofing 
either a worm or a cbryfalis^ or a fly perfedlly 
like a bee. The worms were very hard and fo- 
lid, and might pafs for petrified \ the chryfalides 
and flies were not, but only dried and preferved 
like the ancient mummies. Many of the flies 
had under them little oval grains, which feemcd 
to be eggs. There was at the bottom of many 
of the cells a thick juice, blackifh, very hard, 
which appears red againfl: the light, very fwect, 
making the fpittle yellow, and inflaming it like 
a refin. It is in Ihort real honey. M. Lippi 
imagines that it is a natural hive, which was at 
firfl: formed of a loofe, light, and fandy earth, 
and which afterwards, by feme particular acci- 
dent was petrified. The animals which inhabited 
it had been furprifed by the petrification, and 
were fixed in the ftate in which they were then 
found. Their dried mucofity had formed the 
membrane which lined the cells. When the hive 

was 
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was foft, the worms and flies went out to fearch 
"for food, and the flies made their honey in it 

Looking in the fame place for new light into 
this fad:, M. Lippi found in many places the be- 
ginnings of like hives. Thefe were as the firfl: 
bed, formed of a number of little cells, o\ which 
the moft part were open, and contained the animal, 
either in a worm, a chryfalis^ or a fly, but dry 
and very hard, as were alfo the hives that werci 
begun. He faw alfo upon one of thefe firft bcds^ 
a fecond compofed of a heap of little bodes, 
about 5 liqes high, and an inch in diameter at 
the bafe. They were crumbling, eafy to reduce 
into powder, and very like little mole hills. M. 
Lippi opened them by ftriking them very light- 
ly, and he always found 2 or 3 oval cells quite 
filled with yellow worms, which were full of 
juice. 

It is eafy to imagine, that upon the firft bed 
once formed, there were others formed after- 
wards, which compofed the whole hive; but 
how are thefe beds formed ? From whence comes 
the earth of which they are made ? Did the ani- 
mal bring it ? And how difl it bring' it, and in 
fo great a quantity ? We know no more yet. 
Time can only bring this knowledge. 

VII. Of the rolling of the drops ^ which fall 
from the alembic^ in the. dijiillation of 
Jpirit of wine. 

M. Romberg fays, that in the diftillation of 
Ipirit of wine, the drops which fall from a- 
bout a foot and half high from the fpout of the 
alembic on the liquor already diftilled, roll there- 
on like peafc on a table, that from the greater 

height 
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hti0it they fall the better they roll. So that 
weit they to fall ooly one inch, this would not 
ti^ppen, and alfo they roll fo much the better the 
hlkttr they are, and that itrere it water inftead of 
^Ait of Wine, the experiment woald never fnc- 
cied. 

' Me fays, that all the parts of fulphuroas li- 
4tt6rs being impregnated with the matter of light; 
itfd their whole furface being fet round with it^ 
itttd this fo much the more the hotter they are, 
tr that by the greater length of their fall, they 
feave colleded a greater qu:intity of it in the air, 
this nlatter performing the fame cflFeft as an in- 
^te titmrrbcr of little points would do proceeding 
cfutwardly, fupport the drops of their liquor, and 
mike fherii roll. 

VIII. Of the prefervattm of water in long 
voyages. 

It haying been afked, whether, for the prefer- 
^afion of water in long voyages, it could not be 
fulphurared like wine, M. Homberg anf'vercd, 
that wine was preferved in this manner only, be- 
caufe the acids, which it hath naturally, being not 
in a fufficient quantity in proportion to the other 
principles, all its principles would eafily difunite 
by the fermentation caufcd by the heat of the 
climates through which they paffed, or the meer 
motion of the voyage ; after which the wine 
would be no longer wine, but that the fulphur 
gave it new acids, which made the dofe of this 
principle fufficient ; but that there could be no 
room for this in water, which is fpoiled only 
through fome foreign matters which are mixed 
with it, and ferment, or by the eggs of worms 
which are hatched, thcfe eggs being either in the 

water 
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W4tcr itfelf, or in the wood of the veflels. . In 
• this l^ft cafe, ^ matter is requjfue, whieh m^f 
^^der them from hatching without fpoilipg tjafi 
y»ter. 

IX. On a method of preferving inlaid imrk 

from the worms. 

On this occafion M. Uomberg added, that a 
perfon of quality in 'Provence^ not knowing how 
to prcferve inlaid work from the wornns deftnoy- 
ing it in a few years, ^s it frequently happens ia 
fhat country, he had adyifed him to fteep his in- 
laid work in water wherein corrofive fublimatp 
Jjad been mixed, which fucceeded very, well. 

X. Of an excejjive heat felt at Moptpellier, 

M. de Plant ade wrote to M. CaJJini an account 
of the exceflive heat which has been felt this fum- 
pier at Mont'pellier^ more efpecially on the 30th 
of July. There was no memory of apy thing 
that came near it. The air was that day almoft 
as fcorching as that which comes out of the fur-? 
naces of a glafs-houfe, and there was no pjacp ta 
fly from k but into cellars. In many places they 
b^ked eggs in the fun. The thermometers of M, 
Hubin broke by the liquor afcending to the top. 
4(1 thermometer of M. Amcntons^ which M. Plan^ 
tade had, though it was in a place where the air 
could not freely enter, rofe very near that degree 
^herein tallow ufes to melt. Moft part of the 
yines were fcorched on this day alone, which had 
never happened in this country. The nftronomers 
ei Montfellier obferved, that during this burning 
fiiomaer, pendulums went much too faft. 

At 
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At Paris^ the 6th of Juguji was much hotter 
than the 30th of July. A therihottietcr of M. 
JHubiifs^ which M. Caffini had made ufe of 36 
years, broke about 2 of the clock : it is there- 
fore certain, that for at Icaft ^6 years, it had not 
been fo hot at Paris. 

XL Of the effeSi of the burning mirror in 
that weather. 

Who would not have thought, that in the great 
heats of this fummer the burning mirror of the 
royal palace would have produced greater iefiefts 
than at any other cimc? but it was quite contrary, 
and certainly that could not have been gueflfed by 
any fyftem. M. Homberg faw, that the rays of 
the fun, when reunited by the mirror, had hardly 
any ftrength, while the direft rays alone in- 
flamed the air. The reafon which he imagines 
for fuch a furprifing pho^nomenon is, that great 
heat raifes from the earth an infinite number of 
fulphurous exhalations, and that thefe matters, 
through that homogeneity which they have, ac- 
cording to M. Homberg''^ fyftem, with that of 
light, hinder, ftop, and in feme fort abforb the 
rays, whether it be that they abfolutely intercept 
a part of them, and hinder them from falling on the 
mirror, or that they have the fame eft'eft on 
them, which a fcabbard has on a fword, and 
thereby take from them that extreme fubtilty, 
which is neceflary to cut hard bodies readily. This 
conjefture is confirmed by an experiment made by 
M. Homberg. He placed between the mirror and 
t\it focus a chaffindifh full of live coals, fo that 
thofe rays, which reached the focus^ paffed thro* 
the vapours of thefe coals, and he faw that the 
mirror was confiderably weakened by it. This 

i^ 
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hi a reprefentation of what happens in great heatSt 
or rather, the very thing in miniature. Alfo M. 
Hoviberg has always obfcrved, even in moderate 
and common heats, that when the fun has ap- 
peared many days together^ the effedt of the 
mirror is not fo^reat, as when the fun firft appears 
immediately after a great rain/ The reafon is^ 
diat this rain hath precipitated the fulphurous mat* 
ters, and cleanfed the air. That trembling of thf 

Sht, which has always been obierved with large 
^loopes, and which in very great gnomons 
makes the end of the (hadow uncertain, is very 
naturally explained, by the fyftem of M. Horn-- 
hrgj and is a new proof of it. 

On this reflexion may be made, that the bump- 
ing mirror, which is a new furnace for chymifts, 
iimattely fuperior to the old common furnaces^ 
hath this inconvenience, that it cannot be but fel'^ 
dom made ufe of, at lead with full force. Ic 
muft be in the fummer, between the hours of q 
and 3, the fun muft fhine, no clouds mud: pai$ 
over it during the whole time of the operations, 
the days muft be of a moderate heat, and muft: 
not have been preceded by many dry days. There 
are Ibme years, in which it would be difficult to 
Bnd a week of fuch days. 

XII. Of the yellow amber j tranjlated by 
Mr. Chambers.. 

The marquis de Bonac^ the king's envoy ej^- 
tniordinary at the court of Sweden^ having feen 
(bmc foffil amber in the lands of M. Graia, poft- 
mafter-general of Prttjfta^ near the city of Dani* 
zici which appeared of the fame nature, as that 
found on the fea-coaft, began to confider that 
nixed more narrowly than before, and to doubt 

Vot. H. N«^. 18. Gg whether 
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whether it were really formM of the froth of the 
lea, as is commonly fuf^lcd ; and the canfinal 
primate of Poland^ who was with him, and hid 
the like curiofity, mored him to aik the opinion 
of the academy hereupon. M. Je Bmoc wrote 
accordingly to Paris^ and the academy was iiip 
duced hereby to colled all they could leam oo 
this head, the refult whereof was remstted Co the 
marquis in the following memoir. 

As not only the fineft but the greatdft quantity 
of amber comes from the two Prugias^ (^acar 
demy is lefs acquainted therewith^ than tfaofe per- 
sons may be, who are plealed to coofiilt it)- yet 
we ihall fpeak what we can learn of it fiom our 
own knowledge, and add fome refleftioosthereon, 
•without enquiring what other authors have wrote 
of it, as taking it for granted thofe authic» are 
^nown, and that it is not a coUcftioa that is r^- 
required of us. Meff. Caffini and Maraldi, travel- 
ling in 1700 into the the fouthern provinces of 
France^ on account of continuing the meridian 
of France, found feveral mines of jet, and one of 
a kind of amber, in a mountain of Languedoc 
Bugaracbe, which is upwards of 27600 ^thorns 
from the fea, and divided by other high moun- 
tains therefrom. Some take jet, as well as yellow 
amber, for a fpecies of fuccinum •, and *tis certain 
the inhabitants of Bugaracbe make yfe of .their 
amber to burn in their lamps. Tis much like a 
refin, and inferior by many degrees to the Pruf- 
fian amber in hardnefs ; . near the mines of Buga- 
racbe^ there are fprings of falt-watcr, which 
form a little river. 

In the hiftory of the academy for the year 1 700, 
'tis mentioned, that there is amber found in the 
clefts of the moll barren and naked rocks of 
Provence^ which is further confirmed in the hi- 
ftory^ 



■ Royal Academy g/'SciEftCEs. 227 

ftory for 1703 *; and wc arc aflured, by the 
moft creditable relations, that there is amberlike-*. 
wife found in Sicily along the coafts of Agri^ 
gmsum, Catmeaj and Leocata^ as alfo in tho 
ifland of C&rjica^ and even about Bologna in 
Italy^ and in Umbria^ far diftant from the fea ^ 
add to this, that M. de Bonac himfelf relates^ 
chat he bad feen amber dug out of the grounds 
of M« Graiay which were divided from the fea 
by large woods and great mountains; all which 
feems to evince, that this matter is a natural pro^ 
dia&ian of the earth, nor muft it be omitted, that 
we find little animals inclofed in amber, and that 
thde animals are always of the terreftrial kind, as 
fties, pifmires, (^c. 

• However, for the greater fecurity, it might be 
tttoper to examine, whether the terreftrial am- 
bers have all the charaders and perfedions of thi 
amber found on the fea ihores ; for 'tis no way 
impoflible, but that the fea may finifh the pre- 
paration of this matter, and contribute by its (alt 
to give it the lad degree of codion. 

Suppofing, however, that amber were always 
produosd by the earth, at leaft its origin, or fitft 
fi)rmatJon, it remains to be enquired, whether it 
be of the v^etable or mineral nature. 

We have never heard of any trees in Pruffia 
that diftil amber, or any thing like it in form of 
a refin ; and yet it would be more natural to fup- 
pofe, that the ants and flies fometimes ieen [in 
it, and which plainly confeis it to have once been 
liquid, had been inclofed in a refin oozing from 
ibihe tree, than in a mineral formed in the ground. 
To get over this difficulty, we mufi: fuppofe that 
the amber had trickled from fome rock, or at 
leafi: that fuch pieces, wherein thefe animalcules 
' * See pag 7 of thit vdainc. 

G g 2 arc 
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are found, had remained fometime fluid on the 
furface of the earth. 

But whether we fiippofe amber to be vegetable 
or mineralj no body pretends to have ever fcen 
it liquid, or barely foftv and yet it muft have 
been both^ and even expofcd to fight at the time 
when the animaJs were buried in it. 

The analyfis of this fubftance made by the 
chymifts of the academy^ docs not finally deter- 
mine which ckfs it belongs to. They have al- 
ways found a very fmail quantity of aqueous li- 
quor in it, which had the fmell of rubbed amber» 
a great quantity of volatile acid iak, and (lore of 
oil, part of it whitifli like water, part browniOi^ 
and part very black, according to the degrees of ] 
lire that had been given it in the diftillation. The 
€aput mortuum left behind was light, fpongeous, 
black, and glolTy ; and, being calcined by a , 
naked fire, went mollly off in fmoak, and yielded . 
BO fixed fait, 

The only difference between the analyfes of 
different ambers confifts in this, that the moft 
tranfparent and whiteft yield more oil and volatile 
fait, and hk caput martuum^ than the darker kind i 
which laft, however, notwithdanding their ftorc^ 
of capuimor I uum^ afforded no fixed faJt, 

The oil of amber has the fmell of a bitumi- 
nous oil, which fhould indicate amber to be a bi- 
tumen i but there are fome refms, whofe diftilled 
oil has the fame fmell ; and there are others, as 
benjoin, which yield a volatile acid fak. 

But we know of none, which at the fame 
time yields both a volatile acid fait, and an oil 
with a bituminous fmclI j whence the academy is 
moft inclined to take amber for a bitunien, 3J>d 
confequendy for a mineral. 
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' *Tis cafy to fee how many things are ftill want- 
kig to enable the academy to form a more precife 
decifion upon what relates to amber : it (hould be 

known, ift. Whether in the neighbourhood 

of the places where the amber is dug, there be 
not fbme faline or vitriolic water. 2dly, Whe- 
ther it be commonly inclofed or mixed with any 
earth, or other particular matter. 3dly, Whe- 
ther diere be any marlcs whereby to diftinguifli the 
placeSf where the amber is found. 4thly, Whe- 
ther foffil amber differs in any thing from that 
liEMind about the fea-fhore. sthly. Whether any 
white, as well as yellow amber, be found; on 
the ground, and whether it be not the air or the 
fiin's.heat, that converts the yellow into white. 
6thly, Whether irt thofe places where yellow is 
dugi there be not likewife black amber found*. 
Tthly, Whether it be true, which Hartman in 
his biftory of the Prujfian amber, and Bartholin 
bd the Danijhf relate, that it is found under a 
kind of foliated earth, not unlike the barks of 
trees, and that it is accompanied with a fort of 
foBH wood, wherein, however, we neither per-^ 
ceivepith, fibres, knots, nor buttons. 

XIII. Of M. TuMes map of the Roman 
empire. 

. A great part of the ftates which at prefent com* 
poie the known world, were formed on the ruins 
of the Roman empire, difmembered and torn to 
pieces by Barbarians. As it is from thence that 
our modem hiflories take their original, and as 
it is they, which moft concern us, M, Delifle 
hath prepared a map, which muft be a great help 
to the underftanding them well. It contains not 
only the Roman empire, but alfo al) the barba- 
rous 
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Toas countries which furrounded it, a Jictic tirhc 
before the people of thofe countries had made' 
any breach therein by their invafions. His epo- 
cha is the year 400 of the chriftian aerii, M* Saff* 
fm^ a- celt^brated geographer, had ^already made 
a map of the R^man empire, which was very 
much cfteemed in his time ; but he did not in- 
dude therein the barbarous countries, the pofirion 
and determination of which muft be as taborioBS 
m it IS inftrudive. M, Del{fi^ hath named his 
map tbtatrum biftorlcumy becaufe of the great ex- 
tent it takes beyond the Rmun empire, and the 
ufe it is of to our hiftories, 

Befides the earth has been much altered fincc 
M, Sdnfon'% time, that is^ theaftronomical obfer* 
vatfons both more exaflr and in a greater number 
have produced great reformations in geography. 
They were much miftaken about the longitudes, 
m\i\ch are naturally more difficult to determine 
than the latitudes, and were often miftaken about 
the kcicudes themlelvesi and M, Delijle was 
obliged to difier always from M, Sanfm on the 
firft of thefe meafures, and often on the fccond, 
which entirely changes the figure of the countries, 
feasj t?r. 

It is an obfervation, which is not a! together 
new, that the errors in geographical meafures 
have always hitherto confiited in the exceis. 

From the time of the Greeks to us, the earth 
hath always d J minifhed each time they have un» 
dcrtaken to difcover the bignefs of iL 

From thence it proceeds, that though the fame 
MGmm empire, or the fame countries, arc by M. 
S an/on in a larger map than that of M, Delijle^ 
and that confequently the fcalc of M. DdiJUH 
map ought to be the leaft, yet it is more than a ' 
fifth part larger- The rcafon for which is, that in 
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i^.Sanfin*s map, that the Roman empire is mudi 
too I^rge, Vheir compared with the re(lr-of chc 
forface of the earth. Thepexfcftion of maps de- 
pends on theexaft proportion of the parts of this 
wrface among themfelves, and we cannot 'hop6 
10 koow it but by aftronomy, which daily dif« 
fufes a greater light on geography. 
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Philosophical Memoirs of the RovAL. 
Academy of Sciences at Furis^ for 

the Year 1705* 

J. Obfervations on the quantity of rain-^wa-^ 
ter^ which fell at the royal obfervatwy 
during the year 1704, with the heights 
of the barometer and thermometer^ anaob^ 
fervations on the winds that reigned^ by 
M. de la Hire *. 

DURING the year 1704, the water wlucb 
fell was pretty equally diftributed throi^h 
all the months, except thofe two of Jufy and of 
OSobery in which it rained very little ; the dry 
weather of this lad month is very uiefbl for tl^ 
better'fowing of feeds. 

This is the quantity of water duruig each 
month. 

Lines. Lines 



Jan. 


15 


July 


9 t 


Feb. 


15 i 


Aug. 


27 


Mar. 


^9i 


Sept. 


34 


Apr. 
May 


16 

27 i 


Oftob. 
Nov. 


8i 

»9i 


Jane 


24 i 


Dec. 


23 



The fum of water in the whole year 238 | 
lines, or 19 inches 10 lines, which is very near 
the 19 inches, which we have determined iix the 
mean quantity of water which falls each year^ 

Jan. 10, 1705. 
2 09 
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On tbi winds. 

Thrcnighout the whole month of January the 
wind reigned towards the N. inclining at the be- 
ginning towards the E. and at the end towards 
the W. there was no rain from the loch to the 
24th. 

In February the wind was almoft always in the 
W. and fometimes in the S. 

In March the wind was almoft always in the 
S. in the b^inning it inclined to the W. and at 
the end towards the £• there was no rain from the 
15th to the 3d of the month following. 

In April the wind was the fame, except in the 
laft days, when it turned towards the N. 

In iday the wind was very variable. 

In June^ the wind was in the beginning between 
the N. and £. and at the end towards the W. 

In July the W. wind governed, and it rained 
qo more than 4 lines from the 27th of June to 
the 28th of this month. 

In Auguft the wind parted froni the E to N. 
and afterwards to the W. 

In September the wind was almoft always 
S. W. 

In OHober the principal wind was the N. incli- 
ning towards the E. and fometimes to the W. 
From the 4th of this month to the 27th, it rained 
but one line. 

In November, the wind was in the beginning 
towards the N. and in the middle and to the end 
towards the S. W. 

In December the principal and governing wind 
was the S. W. It is feen by all thefe obfervations, 
that the wind which reigned moft was the W. as 
it almoft always happens in thefe countries ; and 
it is alfo from thefe forts of winds that it moft 

Vol. II. N^. 18. Hh com- 



234 "Tfc History ^iM«Moni'Si2f*&^ 

commonly rains ; but the greateft rains, which 
did not exceed the height of an inch, came 
^ith a nOTthcfriy wind. There has ten no con- 
fidcrable ftorms during 4is year. 

'X)» ^ht haromutr. 

What is moft confiderable in the baroineier, 
and wWch Aews tb the^ wcightof the air, ane the 
changes which happen to it in t 4)r 3 days^ ki 
which time we ft^ it often rift and (all more 
than an inch ; wUch tnakes 'us aOf^pMMCed with die 
great variatttons which happen m a Jitrie^iiiie^w 
the height of the atmc^hwc. Far «o gifv^.a 
reafon -for tbefe different weights of the ak, it 
docs not fcem tt) me very likely «o fiippo^, as d« 
ibme philofophers, that there are difierenc liquids 
and a different wei^ on the furi^oe of titie e«tb, 
which are fometimes carried oh the one fide, anl 
fometimes on the other 5 fer they weft be oam- 
monly more i^ight when the m is tnoftteaded 
with vapours, as is known by obfervations. 

Methinks all that is obferved in the weights 

of the air, or of the atmo^here in all its cir* 

cumftances, tnay be very wefl explained in the 

manner following. We know by very exaft 

dbfervarions, that the barometer gw^erally nfes 

to a Icffs height between the tropics, than in ijhe 

northern coumries ; whence it tnay b^-conjed^ured 

that the figure of the atmofphere is a long iphe- 

roid, whofe axis is joined to that of the-eaKh, 

which may eafily be explained in the fyftem rf 

Copernicus. But as wherever there is air (|here 

may be winds, if the fame winds reign l^rough 

all the mafs of air, and if it comes from the S. 

it will lower tlie height of the atmofphere in thefe 

countries ; and on the contrary, if it conjcs from 

the N. it will raife it. But alto as the S. winds 

bring 



Royal Acai>emy ^Sciikcm. 25^ 
bring us raJbi, it wUl follow,, that: it ought to raijo 
when die air appears light, and tbeqiiite contrarx 
will bappea when it is on th^ othcc fide. 

This is io general what ought to follow this 
fupfx^ficion \ but if the S. wind reiga3 ooly an 
the (iirface of thei earthy, and thai there is a N. 
wind in the fuperioc part» it may raio alcho' the 
air appears very heavy 4 and hy a contrary reafon 

. ;be weather tnay h& very feKne; with a N. wind« 
and the barocnetier verv low ; for we can only ob* 

^ fcnne thoie winds whicK are near the earth. 

During .this year the barometer rofe pretty of- 
ten beyond z8 inches ; but on the 25th of D^^ 
cember in the morning it rofe the highefl ta 
^8 inches 3 lines J- ; and the loweft was Ncv. 
25 th, to 26 inches 11 lio^, by the height of 
-the great hall of the obfervatory where my ba- 
rometer is placed. The whok difference of 
height between the higheft and loweft has there- 
fore been 1 inch 4 lines -^. No conclufion can 
be made from the winds which have reigped iti 
the greater or leffcr heights of the barometer, 
for the reafon^ which I have above related, fmce 
we can only obferve thofe winds which are on 
the furface of the earth. I have only taken no- 
tice that it did not rain when the barometer was 
at the higheft, and chat there was much rain when 
it was at the loweft, fometimes with a N. and 
ibiOQtimes with a S. W. wind. 

On the thermometer. 

My thermometer fell loweft, oa the 23d of 

January to 14 degrees f. Its mean ftate, fuch 

as it is, in the bottom of the caves of the ob« 

fisrvatory, is 14 toifes below the banks level, bc-^ 

^ in^ at 48 degrees, and the froft beginning when 

■it IS at 32 degrees 5 but it immediately rofe a- 

H h 2 gaift 
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gain near the 30 degrees. The heat was greateft 
the 28th of Jufyj the thermometer rifing to 66 
degrees ^. Thefe obfervations on the thermos 
imeter are always made near the fun's rifing, which 
IS the time of day wherein the air is moft cold. 

It is fecn thereby that the cold has been very' 
near in the fame degree as the heat, compared 
with a mean ftate, if the 23d of January is 
excepted. Alfo in the day-time, and about two 
in the afternoon the heat is much greater than ia 
the morning,.. and I have found the thermome- - 
ter at 75 degrees fhaded from the fun ; and con- 
fequently there has been more heat than cold this 
year in thefe countries. 

On the declination of the needle^ 
I have obferved the declination of the needle 
the 30th of OSlober^ 9 degrees 20 minutes to- 
wards the weft, with the fame needle of 8 inches 
length, and in the fame place where I ufed to 
obfcrve it. 

II. A comparifon of the obfervations on the 

rein and mnds made by M. de Pont-briant 

at the cajlle of Pont-briant, two leagues 

from S. Male, a?id towards thefea^coaji^ 

during the year 1704; with thofe which 

were made at the obfervatory at the fame 

tirne^ by M» de la Hire *. 

Thefe obfervations which have been made in 

J?r^/^^w^ with great exaftnefs, having been com- 

miinicat'e^ to the academy by M. du Torar, to 

whom Ml'de Pont-briant had fent them \ it has 

been tKofight proper to compare them with thofe j^ 

which were rftade at Paris at the fame time, the 

*FeB. 25,170^, ^' .;":--• 

'^ journal %t| 



F 
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journal of which I have already given. Hare is 
only given the quantity of rain which fell during 
each month; but it itiuft be obferved, that it 
rained very often at the fame time in thefe two 
places, which are diftant about 80 leagues, one 
of which is weftward from the other, and almoft 
in the feme parallel ; but dorms are much more 
frequent at S. Mala than at Farts. 



. Ai Paris. 

January 

February 

March 

April 

May 

June 

July 

4uguft 

September 

Oaober 

November 

December 



Sum of the water at Paris 238 lines |, 
at Pont^briant 284 lines, or 

19 inches 10 lines f. 
23 -^ 8 ^ 

It is hereby feen that the quantity of rain in 
each month, has not much differed, except in 
September and November^ wherein it rained much 
more at Pont-^briant than at Paris. And in the 
ttiovx^ii^'jurle-it rained much left at Pont-briani 
ih2^XvPdris^\^\xi the one does not make amends 
- for the other, for there fell near 4 inches more wa- 
ter at Pont^hiant than at Paris^ altho' in Paris 
3 *c 



, 


/it Pont-briant 


Lines. 


Lines. 


15 


Hi 


15 i 


22 { 


^9i 


'^5\ 


16 


21 t 


27 1 


17 


24 i 


2 


9i 


n% 


27 


27 i 


34 


51 


Si 


18 i 


^9t 


57 i 


23 


25 t 



die qoandty was very ncur the foot at io tiie 
meanyeaR* 

It was Same years agjO^ tliat themaribal iiVMU-- 
toM^ who is now preikleDC (tf^ the academy f csKtfisd 
the lame obfenracions to be made in the citadel erf" 
Vljk in Flandtrs. I then oomparcd dxin wkh 
tbde of Paris^ and I found that it coamoiODly. 
rained a little more in Fltrndars than at Paris. 

By the obfervations of the winds made at Paris 
and at Paut-briant^ it is remarked^ that the wind 
is not commonly the farme in both places, and 
that it always inclines morc to the S. at Ptfm than 
at that place. As to the rains which accompany 
the winds, there is much variation in the times 
and years. Not but chat in general it is found ^ 
by this year's obfervations, that at P0nt'iriant 
great rains, with dorms, have been always ac-^ 
companied with a N. W. wind, and fonnetimes a 
N. but feldom a N. E. At Paris they come 
almofl: always from the S. W. The neigHbour- 
hood of the fea at St. Maloy and the dilpofition 
of the Englifh channel, in regard to the coaft of 
BretagnCy may caufe this difference, both for the 
direftion of the wind and of the rain. 

It is no wonder that the winds differ in places 
very little diftant compared with the whole fur- 
face of the earth, fince we fee frequently, that in 
the ft me place thcr^^'are different winds which 
reign in the air, and fometimes are quite oppo- 
fitc, which may be obferved by the motion of 
the clouds. One of the winds may begin in one 
place, and the other in another, either more or 
Icfs diftant from the fame place. Thefe winds at 
length mixed make but one mean, where one 
gains the afcendant prevails over the other ; and 
ic may happen, that thb ftruggle between thefe 

contrary 
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OBDtnuywinob, wfaendiey are very violent, may 
Ottife fborms and hiuricanes. 

M. de Ponubrimt obferves in the letter which 
be witte to M. du Jwar^ that it freezes nuich 
lefi at &• Malo than at Rennes^ but the caufe of 
that Qti^ht to be attributed only to the proximity 
of the iea: for the great quantity of vapours, 
which arife from the fea-water, and may retain 
fimie marine faks, may prevent the freezing, 
fiace it is known by experience, that fea-water . 
does not freeze fo eafily as fre(h water, and that 
water, wherein a litde marine fait has been dif* 
folved, will not eafily freeze. I have alfo for<» 
tiieriy<3!biervedat Brefi^ that they preferved ibme 
muuufs^ or pine apples, in the open ground dur*- 
iDg ihe whole winter, though they were expofed 
to fhe air. 

III. RejkBions on the obfervations of the 
variation of the needle^ made in the pope's 
legate* s voyage to Chii;ia, in the year 1703, 
by M. Caffini the fon * ; tranflated ay 
Mr. Chambers. 

A mercator's chart was lately fent us fronv 
Pondicbery^ by M. de May, a miflionary, who 
went with *M. de Tournon, the pope's legate to 
China ; in which chart is exprcfled by dotted 
lines tne . courfe which the fhip Maurepas made 
each day' from the Canaries^ which they left on 
the firft of May, 1703, to Pondechery, where 
they arrived on the 6th of November, after a 
voyage of upwards of 6 months. 

In this voyage, they obferyed the variation of 
the needle in feveral places by the rifing and fet- 

• • Jan, 10, 1705. 

ting 
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ting of the fun, and took care to expreft the 
fame dn the chart, in the proper place of their 
rout for the day of obfervation. 

As the new chart of the variation, drawn by Dr. 
Halley for the year 1700, comprehends all the 
places exprefied in this rout, we took occafioo 
hence to examine, whether it would agree with 
thefe new obfcrvations ; and in order hereto hud 
down all the places, where M. de May made his 
obfervations, and Dr. Halleyh chart, allowing for 
the different longitudes on which the two charts 
are conftruded. ' We proceed now to .make 

a comparifon. 

On the 18th of May^ 1703, at 358^ — 

of longitude, and 5^ ^40^ northern latitude, 

the variation was found by the fun-letting to be 
1^ i from the north towards the weft. 
Now the place where this obfervation was made, 
being laid down on Dr. Hallefs chart, is found 
a little to the weft ward of the line of no varia- 
tion, and on that (ide where the variation begins 
to be eaftwards ; fo that by this obfervation it 
appears, that the line of no variation ought in 
ftriftnefs to be a little to the weft of the place, 
wherein it appears in Dr. Halley^s chart, which 
agrees likewife with what had been before ob^ 
ferved in a memoir for the year 1704. 

On the 6th ofjujte at 356^ longitude, and 

5^ 2d fouthern latitude, thoi varia- 
tion was found by the fun's rifmg to be i^ 
eaftward of the north, which agrees near enough 
with Dr. Hallefs chart, wherein this place is re-. 
prefented between 1 and 2 ° ■ of variation 

eaftward. 

On the I Tth of June at 352^ — 40' longitude, 
and 11^ — 15' fouthern latitude, the variation was 

found 
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found i°— ii caftward of the north, which in 
Dr. Hallefz chart is reprefentcd as a little more 
than 3" — • 

On the 19th of Jufie at V — - to the fouth of 
the raoft fouthem pah of the illand of Afcenfton 
beinjg 350^— • of longitude, and ^v — o'— of 
fdotnern latitude, the variation was found to be 
6*-^ caliward of the north, where in Dr. Hal- 
Itfk chart it is reprefehted as f—\. 

O^ the 3d of Jiily itY-^4.$* — ^longitude, and 
34® — ^40' — fouthern latitude, the variation was 
fblind 3° — I caftward of ^ -north, being much 
the fame as in Dn Halley^s chart. 

On the 8th ofjulyu 24—10' — longFtude, 
jtnd sS""^-^ fouthern latitude, the variation was 
found 3" — weftward of the north, the fame h 
itpfefcnted m this place by Dr. Halley between 
3 ahd^'^— 

According to thefe two laft obfervations, in 
one whereof the variation is found eaft ward, and 
m lift tfther WeftWard, both of them agreeable to 
wteit are repreftrited in Ur. Halley^s chart, the 
fine of no variation croffis^-. de May's courfc, 
tntftrh itf the fame place ^hitt Dr. Halley makelT 
it cr66. 

On the 13th of July a degree to the fouth of 
fbtCape of Good Hope, at 41^ — longitude, and 

36'' — 20* foiitberh latitude, the variation 

was found 13'' — weftward of the north, which in 
Dr. Hailefs chart is noted 1 1" 

On the 19th of July at 53 -ro' longibde* 

and 35 35' fouthem latitude, the varia- 
tion was found 19''— weftward of the north, ex- 
adlly the fame as in Dr. Halley^s chart. 

On the 25th of July at 69^ — longitude, and 
32" — 50' fouthem latitude, the variation was found 

V6l.II. N^. 19. li 25' 



25" X weftward of the Dorlbj ia Dr, HMlkf^\ 

chare it is between 24 and 25. 

On the 1 2th of Septml^er at 98^ ^d longi-1 

tudc, and 28' — fouthem latitude^ the variatioii| 
was found 19" — weftward of the north exactly^ 
as reprefented by Dr. Hall^, 

On the 1 7th of Sepiemkr at 96" 35'lon-i 

gitude, and 22^ — 40' fouthem latitude^ thevaria^ 

tion was found 15'^ weftward of the nor" 

which in Dr, Haltefs map is reprefcnted between 
If — and 16. 

On die 2d of 0£l$ier at 106'^ — 40' longitud 
and i^ — id fouihern latitude* the variation wa 
found 4" — weftward of the north, which in Dr*] 
Halleyh chart is found between the 5th and 6tii 
degree, 

Laftly, on the ad of N<ruemhr at 105** — 2C 
longitude, and 14 — 40' fouthem latitude, thq 



variation was found 4- 



-45', predfely 1 



that fome of ( 
exaftly the lac 



fame as in Dr. Halleyh chart. 

Upon the whole, it appears, 
obfervations &x the variation 
as is done by Dr. Haliey^ ihat the greateft pan 
of them do not deviate from it a degree, and 
none of them vary 2" : fo near a conformity mufl 
be allowed very confiderable, confidering ih 
diflictiliy of oblcrving the variation with exad- 
ncfs at fca, and the changes which may hai; 
happened within the three years clap fed bctwee 
the drawing of Dr. Halley^s chart, and M. 
Mafs voyage. 

I know not whether Dr, Halley had any fur-^ 
ther view in his chart, befides determining 
variation of the load-ftonc for the convenicncy 
failors \ but if in other courfcs and voyages; the 
agreement Ihould be found as exad as in the pre 
Uhi one, it might like wile be of ufe for deter-J 

mining 
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mining the longitude at fta, cfpccially on the 
other fide the equator ; for the lines which (hew 
the variations from degree to degree, cut the pa- 
rallels in thofe parts pretty direftly, and are like- 
wife very near to each other, as appears in the 
prefent courfe from the line of no variation to 
that where the variation is 25— which here cor- 

refpond to 34^ difference of longitude. 

In efFed, almoft all the places where M. di 
May obferved the variation may be laid down in 
Dr. Halle/s chart, by the interfeftions of paral- 
lels with the lines which denote the variation ob- 
ferved ', yet without finding any other differences 
than what may well be attributed to the difficulty 
of determining the longitude of the place where 
the obfervation is made. 

The variation being once well eftabliflied, It 

were to be wiflied, that a rule could be found for 

the changes or variations which befal the fame in a 

compafs of time ; but to arrive hetear, a great 

number of obfervations will be required » made 

with die utmoftcare, and atconfidcrablediftances 

► of time, which is an advantage we are hitherto 

' deftitutc of: for tho* father RiccioU made a large 

i colled: ion of fuch obfervation Sj yet having omit- 

►ted the names of moft of the obfervcrs, as well 

fas the times when they were made, we cannot 

imake much of them. 

The chief affiftance we have in this cafcj is 

[from fome oblervations made by thejefaits in 

I their voyage to the Ea^-Indies^ related by father 

Gmye^ in the phyfical obfervations for the year 

1692, which will inform us of fome changes, 

that the declination has undergone. 

Father Noel^ in his way to China in 1684, 
obferved^ that at 215 leagues weftward of the 
lape $f Gmi thp€^ the ncedk had no decline- 

I i a tion. 
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tion.— Agreeably to which piblerv;ation, t^e 
line of no variation mufl have c^\ea bjpea poj(ifiL- 
dcrably to the eaft of the place, wj^ereia ft is re- 
prefented by Dr* Halley^ and wher^ it QUgbt tp 
be now placed, according to. the obiervations pf 
M. de May^ who in 1703 fouud the yariatl(M[\ ip 

the feme place 3 '- weftwatd of the north. 

In 1684, the faooe father found fhe yariattOQ 

at the Cape des Eguilles 10 -r : leftward of 

the north* which in M. de May's chart 13 rcpre- 

fented as 13" '- — From bojjh which obfcryar 

tions we have an augmentation of 3' . in 

19 years, which is at the rate of lof— -r — per 
year. 

In Ricciohis's colleftioo, we h3,ve no ohfcr- 
vation of the declination at this Cape ; whicht. 
'tis probable had none when it was firft naped 
Cape des Eguilles j that is, of the needles ; but in 
the 8tb book of his geography, he gives fcveral 
obfervations made in the neighbourhood of that 
Cape ; and among others, one of Gerard de Diep- 
pe^ who, in 1639, found the variation 14 leagues, 
beyond the Cape of Good Hope^ which ipuft be 

nearer the Cape des Eguilles i\ r\. wcftward. 

—By a comparifon of which, with an obfervation 
gi ven by Dr. Halley^ we have, an alteration of 

II \ from the nortKto the weft ward, in 

the fpace of 64 years, which amounts to fomcr 

what lefs than 1 1'— = — ^ peryoLV. 

Father Noel further obferves, that the Bortu- 
guefe pilots affirm, that from the Cape des Eguil^ 
les to Madagafcar^ the declination increafes 13' — 

weftward, and confequently if it be 2 at the 

Cape^ it will be 15 at Madagafcar^ which agrees 
likewife with the declination expreffed in the new 

chart, which is 13'^ at the Cape des Eguilles^ 

and 25 — \ under the meridian of Afj^tf^^yr jr. 

From 
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prom Madagafcar to Pdndicbery the dedina- 
tiQP diminiihes ; fo that in M. de May*s map, a 
little to t^ie eaift oiPondicbery^ it is exprcffedl as 
aVt-t — ^45'^ weftwards of tl^p north. Now the 
declination at Pondicbery was found by father 
Riebaudin 1689, to be 7° — o^-r- From .whence 
it appears^ that the declination had diminilhed< 
2" — \ in 14 years, which is at the rate of 10'-— 
pfir year ; whereas at the Cape des Eguilksj we 
h^ before found an increafe of the like quantity ; . 
and it may be added, that father Ricbaud. fouQcl 
at Lowvc^ in the fpace of two years, a diminu- 
tiop, like that here noted at Pondicbery. — Froni 
the whole therefore it may be conjeftured, that; ii} 
the Eafi'lndieSj from the meridian of Madag-af- 
cqt: ^(Iward, the weftern. declination diminilhes 
every year in the fame proportion, as it increafcs. 
fimn th(? fame ifland eaft ward. 

ry. Of barometers without quickfiher for 
the ufe of the fea^ by Af. Amontons *. 

If air is inclofed in a glafe ball D f, joined 
to. a glafs tube E, C, B, A, bent at C, open at 
A, and containing a liquor from the entrance E 
of the ball, to feme place of its part A B ; it has 
been long fince known that this air inclofed in D^ 
will augdient or diminifh its bulk, not only in 
proportion as the heat of the outward air changes, 
but alfo in proportion as the weight of it changes ; 
mean while I know not whether any one has yet 
diilinguifhed and determined the quantity of thefc 
two effefts, I mean, how much the heat and the 
weight of the outward air, afting in conjunction . 
(HI that which, is contained in D, will, eath in 
their particular, make this bulk of inclofed air 
diminifli or increafe } in a word, what would be • 

♦ Feb. II, 1705. t Plate V. Fig, 1. ' 

3 the 
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the motion of the liquor in the tube A B, Th^c 
t wo cffefts have always appeared difficult to he 
feparated from one another, becaufe of the com- 
binatioEi of many circumftances, which make 
ihem vary almoft an infinite number of ways* 

As to what concerns the efteft of the weight 
of the atmofphere on this very air; indeed M- 
Mariotte has already given us fome experiments 
and rules thereon \ but it no where appears that his 
defign was by this means to meafure the viciffirud^ 
of the weight of tlie atmofphere, by preventing us 
from artributing the effeft of the weight to that of 
heat, and reciprocall y that of heat to the effcft 
of the gravity. As that may neverthelefs have 
its ufe* I am endeavouring to do it in the beft 
manner I can pofFibly, continuing to make ufe of 
what M. Mariotte has fettled thereon. Now by 
the fame experiments it is clear^ that the more 
confiderabic the bulks of air in D are, the mom 
will the liquor in the tube A B fink or rife, by 
one and the fame over-charge, or by one and 
the fame diminution of the weight of the atmo- 
fphere ; and that if this liquor in A B, had no 
weighty the bulks of inclofed air would in thetr 
charges follow the proportions of the weights 
which they are loaded with, fo that thefe bulks 
would be in an inverted ratio of thefe weights. 

* Thus then fiippofmg the ball D lengthened 
out into a long very thin eylinder of the fame fizc \ 
with the tube A C, and the whole in a horizontal 
fituation to avoid the weight of the liquor j if J 
fliis ball thus lengthened was, for exampk/14 feeti 
long, and the liquor in E was at the beginning of J 
thefe 14 feet, when the weight of the atmofphcrcJ 
equals 26 inches of quickHlvtrr^j this liquor would I 
advance a foor> when the weight of the atmo- 
* Fig. z, 

Ipheic 
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fphere is at 28 inches, thefe bulks 14 and XIIL 
being by the inverfcd ratio of the weights 26 and 
XXV 11 1 J and the fame change of the weight of 
jhe atmofphere would have made the liquor ad- 
vance differently according a^ the lengthened ball 
had more or lefs capacity or length. Thus it 
Kould have advanced two feet, if the length of 
the lengthened ball had been 28 feet, inftead of 
14 i and 4 feet if this lengthening had been 56 
feet ; and fo of the reft. Whence it appears that 
the effcft of the weight of the atmofphere on the 
air in the ball D, bcconies always greater and 
greater, according as the great nels of this ball 
increafcs ; which cannot be faid of the efFeft of 
heat, which, as I have already fhewn elfcwhere^ 
would be always equal, notwithftanding the aug* 
mentation of thefc bulks. The ball D may 
then be fuppofed fo prodigiouQy great, that the 
effeft of the changes of the heat of the atmo- 
fphere, fhould not be difcerncd in comparifon 
of the effedl of the changes of its weight \ which 
ftill fuppofcs the tube A B to be in a horizontal 
fltuation. But as fuch a fituation is inconvenient 
for ufe, and that it would be better to have it 
vertical, in this fituation the liquor cannot pafs 
from the tube A C, into C D, or out of thai; 
into the other, without leflening the imprefTion of 
the weight of the atmofphere, agalnftthe air in- 
clofed in D, or of this againft the atmofphere ; 
and that fo much the more according to the 
greater weight of the liquor which fliall be made 
ufe of. Thus, for example, if the weight of 
this liquor is to that of the quickfilver as 1 to 14, 
and if a quantity of this liquor contained in 
A B, in the compafs of 28 inches, paffes into 
the ball D toward E, it is plain that this fink- 
ing of 28 inches of liquor wil! equal the effed 

of 
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of the atmofphere, whofe weight will be encfea-;^ 
fed to a quantity equal to two inches height o£m 
qnickfilver ; and as we know e:tperimcntally, that 

tile motion of the fimple barometer^ which is 
caufed by the more or Jefs weight of the ^tmo-J 
fphcre, does not here exceed the extent of two 
inches; it is a] fo evident* that the range of the' 
liquor in the tube A B* fituated verticaUy^ can- 
not by the change of the weight of the utmo- 
fphere, exceed with a Jike liquor 28 inches, let 
the ball D be never fo large : it cannot even, tak- 
ing it rightly, go fo far, becadfe the fpring of 
the air in D will always make fome refiftance to 
the diminution of its bulk, let this diminution 
be never fo little j and let the tube A B be never 
fo fmall, and confequently how little foever the 1 
quaniity of liquor is, which is contained in the 
compafs of 28 inches of this tube, it is impOffi- 
Ble that this quandty of liquor paffing from AR 
into E, fhould not fomething diminifh the bulk 
of aif in D. The compafs of thii range of the * 
liquor in the tube A B, will be even confidcfably 
Jets than 28 inches, tho' the ball|D fliouid be only 
of a moderate fixe 5 and experience has fhewn 
fne^ that with a liquor, whofe weight is to that 
of quickfilver, near as i to 14, the extent of this 
range can be but 20 inches, with balls of two in- 
ches diameter ^ and only 16 inches, with balls of 
1 inch J I which would ft ill be lefs if the liquor 
was more heavy. But as on the contrary, thofe 
which are more light, may very well be employed 
in it J and as already this range of 20 inches is at 
leaft as confiderable as that of the double baro- 
meter of M, Huygens j nothing hinders the tubes 
A C D from being ferviceably made ufe of, in 
which there mull be liquor from the middle of 
the part A B to E, to Know by the motion of 

the 
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the liquor in AB, the changes of the atmofphere, 
ki the fame manner as is done with common ba- 
rometers ; and fo much the better, as being more 
portable, and not fd fuiceptible of motion, they 
mav very well be made ufe of yc fea, where the 
Ihaking of the veffel will not hinder an exaft ob^ 
iervadon of the diverfe changes ; which cannot 
be done with the con^mon ones. Having found 
that the extent of the range of the liquor in thefe 
tubes by the changes alone of the weight of the atmo* 
fphere, were confidcrable enough to make ufe of it as 
ft barometer ; and after having divided, thiis extent 
into 24 equal p^rts, to make thereof a gradujpction, 
which may dcfcribe the quantities of quickfilver, 
which equal the weight of the atmofpfterp in all 
its changes ; it now remained for me to apply 
this graduation to thefe new barometers* This 
did* not at firft appear to me very eafy, becaufe 
of the aftion of helt, which continually chang- 
ing, did not permit me to be able to affigrt on 
thefe tubes any fixed place for this graduation* 
But'having confidered that even this which feemed 
an bbftacle to me, might ferve me for a direftion, 
this graduation being always to follow the motion 
which heat fhould caufe in the liquor, and that 
when heat caufed no motion in it, this graduation 
ought alfo to remain in the fame place ; I made 
it moveable in the following manner. 

I put one of thefe tubes for a confiderable 
time near one of my thermometers, and I ob- 
fervcd the range of both, at times when I was 
aflured by the obfervation of the baronieter, 
that the weight of the atmofphere had not 
changed ; which gave me the means of making 
on the fide of this tube a graduation, like thole 
of my thermometers, though greater. This grar 
duation defcribed the changes which heat caufed 
. VoL.ILN^i> Kk in 
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in the height of the liquor of this tube, After 
this i put on the fide of this graduation of the 
effedl of the heat, the graduation which I had 
firft made of the effedt of the weight of the 
atmofphere; fo that I could raife it or lower it 
as I thought fit, and bring the middle of it to 
fuch a degree with that of the heat as I pleafed ; 
and when I would know the weight of the 
atmofphere, I looked firft to fee what d^ree my 
thermometer was at, and afterwards I carried the 
middle of the graduation of the barometer to the 
fame degree of that which I had made on the fide 
of the tube, to defcribe the changes caufed by 
heat on the liquor of the tube, which then ihewed 
me by the moveable graduation, the weight of the 
atmofphere which I fought after. 

Having afterwards proved thefe obfervations 
for a confiderable time on my redified baro- 
meter, I can affirm that I have always found 
both of them exadlly the fame. This will more 
eafily be believed, if it is confidered that no 
quickfilver enters into the conftrudion of thefe 
new barometers, and that the heat adbs very 
weakly on the liquor which they contain, which is 
alfo but in a very little quantity ; which is the 
reafon why thefe barometers niuft be exempt from 
thofe defcds which I liave obferved in the com- 
mon ones where quickfilver is employed. It is 
true that the graduation of thefe new barometers, 
which are to include the effed; both of heat and 
of the weight of the atmofphere, obliges them 
to be made of more than ordinary height ; but 
this cannot go fo far as to make them ufelefe ; 
thofe whofe balls have two inches diameter, 
being not requifite to be more than 5 feet long, 
and the others only 4 feet, which is but about 
10 inches more than the common ones when 

they 
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they are mounted ; and this ought not to hinder 
the endeavours of making them fome way ufeful 
to navigation by the obfervations which may be 
made by them at Tea. 

V. ReJleSiions on the rules for the condenfation 
of the air^ by M. Caffini the fon * • tran- 
Jlated by Mr. Chambers. 

In our travels for continuing the meridian of 
Paris^ we obfervcd the height of feveral moun- 
tains by the edge of the fea, and among others 
that of Puy de Dotne^ where M. Perier made 
obfervations of the height of the mercury, men- 
tioned in M. PafcbaPs treatife of the equilibrium 
of fluids, which obfervations having ferved M. 
MariotU for confirming his rules of the conden- 
fation of air, I took occafion to compare his 
rules with my own obfervations. 

M. Mariolte^ in his fecond eflay of the nature 
of air, gives us fome experiments, which he made 
to determine the condenfation of air ; frorii whence 
he infers, that it may be taken for a certain rule 
or law of nature, that the denjity cf air is in fro- 
portion to the weight wherewith it is prejfed. 

On this principle he afterwards determines in a 
very ingenious manner, the height of the atmo- 
fphere to be about 15 leagues of 2000 fathoms 
each. 

He fuppofes that mercury in its natural (late, 
on a level with the fea, is fuftained in a baro- 
meter at the height of 28 inches, which make 
a balance to the whole column of the atmo- 
fphere, and that in thia cafe a line of mercury 
fuftains 60 feet of uir, and the 12th part of a line 
f feet. 

* March 24, 1705. 

K k 2 If 
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.If we . fuppofc the mercury removed into a 
higher place, where it is only fufpended to the 
height of 14 inches, it will not fuftain above f 
the weight of the atmofphere ; and confequeotly 
the air, which, according to M. Mariotte's rule, 
condcnfes' in pro]portion to the weight wherewith 
it is prejQTed, fhould here be rarer by f, than in 
the fofnler cafe ; and a line of mercury-, which 
on a level with the fea, fuftains 60 feet of air, 
will here only fuftain- 120 feet, and a i2ih part 
o^ a line xo feet. 

TW the increafe of each 12th of a line, adds 
]\I. Mariotte^ may be found by the fame rujcii 
whereby we find the logarithms ; but in regard 
the fum qf geometrical progrcffions does not 
diflFer much from the fum, found by taking 
thofc prpgreffion arithmetic proportions, I here 
make my calculus according to the latter pro- 
portion ; and to find the fum, take 7 and |, as 
an arithmetical mean between 5 and 10, which I 
multiply by 2016 i2ths of lines, that is by 14 
inches, the produft 151 20, or 2520 fathoms, 
will be the whole length of air, from a place of 
obfervation on a level with the fea, to a place 
where the air is only | that weight, that is, to a 
place where the mercury is only fuftained 14 in- 
ches high. 

By the fame method, M. Mariotte afi:erwards 
determines the reft of the height of the atmo- 
fphere ; and to confirm this calculus of the height 
of the air, applies it to two celebrated obferva* 
tions, one whereof is delivered in M. FafcaH 
treatife abovementioned ; and the other made 
fome years ago, by M. Caffini^ which is as follows, 

He took the height of a mountain in Provence^ 
which is on the edge of the fea, and found k 
IP70 feet s the mercury in the barometer which 

he 
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, he ufed,. ftood at !^8 inc|[ie$ at the foot of {he 
mcnrntain^ ,and at the top thereQ^ftyik j61iQe^ f, . 
.1^ exacuining this obfejcvation, , M. MariptU 
m^ikes uie of an arithmetical prc^rejOion^ acoord- 
iQg to. which, fuppoGng that 6.3 te^t height of air 
cprre^KMid at a level with the f^a to i line of mer* 
qary, he&ids that the height, where the. mercury 
is to fink ij5 lines f, is io8o:feet» which cotnes 
v/^.near the 1070 feet, obfcrved by M. Caffini. 

As the arithmetical proportions ufcd 1^ M, 
A^rip^fe^ in examining tbefe obfcrvatioos, are. 
nQt intirely conformable to the geometrical pro^ 
gccffiops, refulting from his rule of the conden^ 
fatjpn of the air, which however inconfiderable 
in little heights, may occafion very fenfible diffe- 
rences in great ones, I have formed a table upon 
"bA. Mariott^s principals, wherein the height of 
air is expre0ed, which correfponds to each line's 
ckcreafe of height of mercury, from the furfacc 
qf the fea upwards. In this table I have fuppo- 

. f^ with M. Mariotte^ that the mercury is fuftain- 
ed to the height of 28 inches on a lev^ with the 
iea, and that in this cafe 63 feet high of air cor*- 
rcfponds to a line of mercury. 

hy this table it appears, that when the mercury 
firoks 16 lines y, the height of air correijponding 
to the lad line, is 66 feet, i inch, 9 lines, and 
the height of the place of obfcrvation from the 
furfacc of the fea 176 fathom, 5 inches, 7 lines, 
or 1056 feet, 5 inches, 7 lines, which is lels by 
23 feet," than what M. Mariotte had determined 
l^y his arithmetical progreffion. A proof that his 
manner of examining obfervations differs confi* 
derably from the principals he-himfelf has efla- 
bliihed, which will appear dill more vifibly in 
the obfervations I have to relate hereafter,; which 
were fljade ^t piuch greater heights. 
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If in lieu of taking 63 feet for the height of 
air correfponding to a line of mercury on a level 
iffith the fea, we fuppole it 60 feet, as M, Ma- 
riotti does for determining the height of the at- 
mofphere, we fhould have for the 1 6 lines f de- 
CTcafe of the height of the mercury only 1005 feet 
height of air, which is much lefs than was found on 
the preceding fuppofition ; but as it would be eafy 
to reconcile this obfervation of my father with 
M. Mdrhtte*s rale^ by only fuppofing the height 
of air at the forface of the fea iomewhat greater 
than what he has laid down, we proceed to ex- 
amine the fecond obfervation, which is that of M. 
Pafcaly and which he endeavours likewife to re- 
concile to his principals. 

The other obfervation, fays he, was made in a 
high mountain near the city Clermont in /luvergm^ 
the principal circumftances whereof were thefe. — 
The mercury in the barometer at the bottom of 
the mountain ftood at 26 inches, 3 lines \ j when 
carried 27 fathoms high, it funk to 26 inches* i 
line; at 150 fathoms, it funk to 25 inches 1 
and laftJy, towards the top of the mountain, 
which was 500 fathoms above the firft place, the 
mercury ftood at 23 inches, 2 lines. The firft 
obfervation fhews us, that the loweft place near 
Ckrnwnt is much higher than the vaults of the 
obfervatory, and confequently that a line of mer- 
cury here muft be equivalent to above 63 feet 
It may be calculated thus : 

The difference between 26 inches, 3 lines j, 
and 28 inches, is 20 lines f, and according to 
the f^/r«/«i above declared, the taftdivifion muft 
increafe it about 7 feet, above 63, for the pro- 
duce of 63 by 21, divided by 168, gives fomc-^ 
what Sbove 7 feet, which added to 63, gives 70 1 
feet ; fuppofing therefore that the firft line of ^ 
I mer- 
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. mercury were then equivalent to 70 feet of air, 
reckoning from the lowed place of obfervation, 
M. Marione finds the height of the place of the 
laft obfervation to be 2940 feet, or 490 fathoms 
of air. 

In examining, this obfervation, M. Mariotte 
makes ufe of two arithmetical progrefHons : by 
the.firit, he finds that at a decreafe in the height 
of mercury of 20 lines |, the height of air cor- 
refponding to thq laft line of the mercury is 70 
feet ; whereas according to the table, it fhould 
only be 67 feet 5 fo that between the height of 
air correfponding to a line of mercury on a level 
with the fea, and that arifing from his calculus^ 
when the mercury is funk 20 lines f, he finds by 

.his arithmetical progreffion a difference of 7 feet 
inftead of 4 feet, which arife by the geometrical 
progreffion, fo that the error makes it almoft 
double. 

He would eafily have difcovered thefe diffe- 
rences, if agreeably to his rule he had made, as 
to 28 inches height of mercury on a level with 
thefea, are to 26 feet, 3 lines | height of mer- 
cury in the loweft place at Clermont ^ fo are 63 

.feet height of air on a level with the fea to 67 
feet, I inch height of air, which correfpond to a 
line of mercury in the loweft part ofClermottt. 

The fecond progreffion which he ufcs, after- 
wards carries him ftill farther from the truth, 
but not to enter into too long detail, it may 
fuffice to compare what arifes from this progref- 
fion, with what is expreffed in the table drawn 
upon his own principals*, it will here appear, 
that as the height of mercury was 20 lines | below 
:he fliandard at Clermont^ the height of that city 
above the furface of the fea muft be 222 fathoms, 
2 feet, I line, or 1334 feet, that the mercpry 

having 



having funk 37 lines f between Ckrmont and the] 
lop of Put de Dome ^ which amounrs to 58 lines 1 
in all from the furfece of the fea, the height of] 
that mountain mufb be 670 fechom above the fur- | 
face of the fea; from whence fubftra^fting 222 
fathoms, the height of Ckrmsnt above the fame fur* 
face, we have 448 fathoms for the height of Put j 
de Dome above Ckrmont ; whereas M, Marmk 
had made it by his cdUulm 490 fathoms, and M* | 
Pafcal 500 fathoms. 

It will hereafccr appear, that the height of Psi 
de Dome above Clermont is upwards of 500 fa* \ 
thomsj and confequendy differs ftill farther from 
the 448 fathoms, which arifc from the princtpds j 
of M. Marwtte, 

It may here be proper to enquire, whether the - 
obfervations, lince m»nde by M.de la Hire on the 
mountain Clairei in Provence^ and thofe made by ^ 
myfelf in my expedition for continuing the meri- 
dian, agree with the principals of M. Mari&tie. 
^— M. de la Hire found upon the mountain Clm*{ 
ret the height of the mercury to be 26 inches, 
4 lines \ % and the hke operation being nepeatcd 
at the edge of the fca 3 hours after, the mercu- 
ry was found 28 inches, 2 lines high, the diffe- 
rence therefore is i inch, 9 lines f^ and the height 
of the rock was found by menfuration to be a 77 
fathoms. 

Now by the table calculated on M. Markups 
principals^ the height of air correfponding co t 
inch, 9 lines I, is 233 fathoms, 3 inches, which 
is left by 23 fathoms f , than what M. de la Hire 
found it by his obfervations. 

One of the moft acurate obfcrvarions I made in 
continuing the meridian, was on the tower dela 
Majfana^ near de ColUoure, The diftance of this 
tower, from the place where we obfcpved iti 

height^ 
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height, was determined by the triangles of the 
meridian line. The height of the place of obfer- 
vjation at Colliourey above the furface of the fea, 
was meafufed very exaftly with a cord, and the 
iMt^e of height taken with a very good inftru- 
mesit^ was above 7 degrees \ fo that an error of 
a iBioute in the obfervation would not have occa-^ 
fioned ain error of a fathon^ in the determination 
of the height. 

This height was further confirmed by an ob- 
ienratiofi nwde from the tower de S. EJme, whole 
height from the furface of the fek, was exaftly 
known by the firft obfervation, we determined 
the height of this tower above the place of obfer- 
vation at Col Hour e to be 397 fathoms, and above 
the furface of the fea 408 fathoms. 

On the 1 2 th oi March j when the barometer at 
CoUmre Aood at 28 inches, we carried it to the 
foot of the tower de la Majfane^ where we found 
the mercury funk to 25 inches, 5 lines, the dif- 
fetwce is 2 inches, 7 lines, which correfpond to 
397 fethoms 5 looking in the table for the height 
of air correfponding to 2 inches, 7 lines, we find 
ic 342 fathoms in lieu of 397 found by the ob- 
•iervatiod. 

Hence it appears, that the heights arifing from 
the principal of M. Mariotte^ do not agree ^yith 
obfervation, but recede the further therefrom, as 
4he diftances are greater -, for there is no room to 
afcribe this difference of ^^ fathoms, found be- 
tween thefe heights, to any error that could have 
crept into tl^e menfurations of the heights of the 
mountain and mercury, thofc obfervations having 
been made with all the exaftnefs imaginable. 

We took the height of Bugarache^ a moun- 
tain of Languedoc near the fea-coaft, in throe dif- 
ferent manners, and found it 648 fathoms. 

Vol. II. N9 19. LI The 
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The height of the mercury was here found on 
the 1 5th of January two hours afternoon, to be 
23 inches, 8 lines |., At Paris^ it was found on 
the fame day, at 7 in the morning, 27 inches, 3 
lines 4:5 and it funk in the courfc of the day about 
I a line ; fo that we may fuppofe it 27 inches, 3 
lines, and by adding thereto the 4 lines ccMTct 
ponding to the 40 fathoms height of the obfcr- 
vatory above the furface of the fea, we fhall 
have the height of the mercury on a level widi 
the fea, 27 inches, 7 lines, which is more than 
what we found at Bugarache^ by 3 inches, 10 
lines |. 

In the table, we find that the height of air cor- 
refponding to 3 inches, 10 lines f, is 527 fa- 
thoms, which is lefs by 121 fathoms than the 
648 fathoms, found by the obfervation of the 
height of the mountain. Could the height of the 
mercury at the brink of the fea, have been ob- 
ferved at the fame time that we obferved it on 
the mountain, nothing could have been further 
required for the exaftnefs of the obfervation ; 
but this we could not do becaufe otherwife em- 
ployed. 

The two moft confiderable obfcrvations after 
thefe, were thofe of two mountains of Aiwergne^ 
near the mount d^Or ; one whereof is called la 
Cojie^ and the other la Courland. On the firfl of 
thefe, which is 851 fathoms above the furface 
of the fea, we found the height of the mercury 
on the 9th of October ^ 3 hours after noon, to be 
23 inches, 4 lines. At Paris^ it was found at 5 
in the evening, 27 inches, 10 lines, which is 
higher by 4 inches, 6 lines, than on the top of 
the mountain. 

On the 1 2 th of 05ioberj about noon, we find 
on the top of the Courlande^ which is 838 fa- 
thoms 
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thorns above the fea, the height of the mercury 
CO be 23 inches, 4 lines. At Paris ^ it was 27 
inches, 10 lines, which is higher by 4 inches, 6 
lines, than on the top of the mountain, agreeably 
to what we found on the mountain de la Cojie. 
This difference ihould have been fomewhat lefs, 
by reafon that the height of the Courlande is not fo 
great as that of la Cofte ; but there is no hopes 
of arriving at a greater exadtnefs, it being im- 
poffible but fome error muft arife, both in the 
obfcrvation of the heights taken with inftruments, 
and in thofe of the barometer, obferved in two 
difiererit places ; adding 4 lines, which correfpond 
to the height of the obfervatory, to 4 inches, 6 
lines difference, between the heights of mercury 
Found at the fame time on thefe mountains and 
at the obfervatory, we fhall have 4 inches, 10 
lines for the difference of the height between the 
furface of the fea and the top of thefe mountains, 
which we may fuppofc 844 fathoms, by taking 
a medium between the two obfervations. 
. For thefe 4 inches, 10 lines, the table gives us 
66g fathoms high in lieu of 844 fathoms found 
by obfervation, which makes a difference of 175 
fathoms. This is too confiderable, to be owing 
to any error in the obfervations •, for tho* the 
mountain be ajt a diftance from the fea, yet its 
height is found exadly enough, without any great 
number of operations. 

It remains to examine the refult of the obferva- 
tion made on the Put de Dome, whofe height a- 
bove the furface of the fea, was found 810 fa- 
thoms. 

It were to be wifhed, that while M. Perier ob- 
ferved the mercury on this mountain, and that of 
Clermont, the like had been done at Paris, whofe 
height above the furface of the fea is precifely 

LI 2 known i 
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known ; but this dcfe6k may be fupplied by fotne- 
obferv^ations of the greateft and lean: hei^ of the 
mercury 2X Paris and Ckrnmt^ related in a letter 
of M.Perier J infertedin the treatife of the «f «i- 
librium of fluids. 

At Clermontj the hlgheft was 26 inches, it 
lines I, F(f^. the 14th, 1651. 

At Paris^ the higheft was iZ indies, 7 finefl^ 
Nov. the 3d and 5th, 1649. 
The difference is i inch, 7 lines |. 
At Clermont^ the lowef): was 25 iiiches, 8 fino^ 
OH. the 5th, 1649. 

At Paris y the lowefl: was 27 inches, 3 lines f, 
O^. the 4th, 1649. 
The difference is i inch, 7 lines |. 
The difference between the greatcft height of 
the barometer at Paris and at Clernant^ is i inch, 
7 lines I ; the fame which is found between die 
barometer at thofe two places when the loweft, 
which feems to intimate, that there is nearly the 
fame conftitution of air in both places. 

If this difference therefore be iirppoled the 
fame that correlponds to the difference of height 
between Clermont and Parts^ and that the place 
of obfervation at Paris be 25 fathoms above the 
level of the fea, which correfpond to 2 lines | of 
mercury, we fhall have i inch, 10 lines of mer- 
cury, for the height of Clermont above the forfacc 
of the fea. 

Now for I inch, 10 lines, the table gives us 
239 fathoms for the height of Clermont above 
the furface of the fea, which fubfl:rafted from 
810 fathoms, the height of Pui de Dome zhovt 
the furface of the fea, leaves 571 fathoms for the 
height of Pui de Dome above Clermont ^ in lieu of 
500 fathoms, which M. Perier fuppofcs of 490 
flithoms, which M. Mariotte reduces by his cal- 
2 culusj 
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cfllfiS^ and of 448 which follow from his princi- 
ples, all the obfervations hitherto related confpire 
in making the dilatation of the air, as we receded 
ftom tbe earth, greater than what agrees with the 
principals ofM.MarioUe^ it evenfeems, as if in the 
two obfervations compared by him with his rules, 
he had been aware of this difficulty, and had been . 
induced thereby to depart in fome meafure from 
his rules, and make ufe of an arithmetical pro- 
greffion, which he fuppofes not to differ fenfibly 
fix)m the geometrical one ; tho' we have ihewn, 
that the difference is in reality very confide- 
table: 

The height of the air, which arifes from M. 
Mariotteh rules, deviating fo far from the obfer- 
yadons above related, 'tis no wonder, it fliould 
i|0t agree with what M, Maraldi has eftablifhed, 
which is founded on experiment, and exhibits all 
9ur obfervations with tolerable exa6lnefs; they 
may eafily be compared together, the heights of 
air arifing from M. Mariotu^ rule being placed 
in the table againft thofe arifing from our obfer- 
vations, it will here appear, that at 5 inches &11 
of mercury, the height of air correfponding to 
a line of mercury, fhould be 20 fathoms, which 
is rarer by \ than in a level with the fca, in lieu 
of 12 fathoms, 4 inches, 8 lines, which arifc 
from the rules of M. Mariotte^ &c. 

It will be difHcult likewife to reconcile the con- 
fcquences flowing from his experiments, with his 
reafonings. — For inflance, fir (I, that if luke-warm 
water be placed ^ of a league high, it will boil ; 
fince in the receiver of an air-pump it boils ve- 
hemently, when \ the air is exhaufted. And, 
2dly, that if there were a mountain a league and 
a half high, men, or even birds, could not live 
thereon, by reafon their blood teingonly prefTcd 

by 
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by half the weight of air, and being hotter than 
liike-warm water, would yield abundance of air- 
bubbles, which would prevent its circulaticxi, and 
difturb the natural oeconomy of the hearty and 
other parts. 

For, according to our obfervations, the height 
of air correfponding to a line of mercury at 844 
fathoms height, is 19 fathoms, 3 feet, which, is 
fomewhat lefs than double the height correfpond- 
ing to a line of mercury on a level with the fca, 
and yet we perceived no inconvenience from the 
rarefaftion of the air, if we fuppofe the dilatation 
of the air to perfift in the ratio above-ellablifhed 
from experiment, the height of air correfpond- 
ing to a line of mercury on the Cansgou^ which 
is 1450 fathoms, or ^ of a league high above 
the furface of the fea, will be found 24 fathoms ; 
but tho* we were only to fuppofe it a little above 
20 fathoms, this fhould fuffice to produce all the 
cfFefts mentioned by M. Mariotte ; and yet fcve- 
ral perfons have been on the mountain, and 
a pyramid was even erefted by his majefty*s com- 
mand on the higheft part of it, for the convd^ 
niency of our obfervations, yet we do not hear 
of any foch accident befalling them. 
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A table of the height of air which anfwers 
to the height of the quickfiher in the ba- 
rometer. 
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VI* iTyat the experiment Sy ufed to prtroe that 
jlmds are firfi condenfed and cooled before 
they are dilated^ at the approach of heat^ 
do not prove it -, and that jhis apparent 
amdenfatton is merely owing to the dila-- 
' tation of the glafs and of the ^Jfehy which 
contain thefe fluids ^ by M. Aimmions *; 
tranflated by Mr. Chambers. 

Tho* reafonings, founded on e^tperimcnt, 
Aiould always be the fureft and moft juft, yec 
wc are frequently betrayed into errors by means 
thereof. At a meeting of the academy on the 
1 2th of \d&.Novtmher^ I fhewcd, that a glafs 
bottle, terminated with a narrow neck or cube, 
being filled with water to about \ the height of 
the tube, and the hands applied thereon^ the heac 
c^ the hand funk the water in the tube before ic 
made it rife. 

And M. Geoffroy^ in a memoir upon cdld diffo- 
Kitions, relates >a parallel fa6t ; pucting^ fays he, 
fome cold water in a large hafon, I plunged a 
glafs cucurbit full of equally cold water in the 
middle diereof, and put a very aftive thermcH 
meter in the cucurbit, then calling 4 or 5 ihovels 
c^ lighted coals into the bafon, the liquor in the 
thermometer inftantly funk 2 or 3 lines, but rofe 
again in a few moments, ^c. 

In my phyfical remarks and experiments, Csfr. 
printed in 1694, fpeaking of 2 thermometers, 
one whereof was full of aqua fecunda^ and the 
other of fpirit of wine 5 I obferved, that having 
applied my hand upon the former thermometer, 
I found it firft fink upwards of a line, after 
•Mar, 18, 1705. 

Vol. IL N^. 19. Mm which 
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which it rofe again very ccMifiderably, while the 
other thermometer, which I held in the other 
hand, arofe at once, without any other &lLof its 
liquor at all. 

But before any of this, Borelli and Ifaac Vof- 
fiiiSy the firft, in his treatife of percuflion, and 
the other, in his treatife of the motion of the 
winds and fea, mention the like experiments; 
jiat^ (ays Borelli *, pbiala vUrta ABC, tjufque 
fifiula'ttnuiffima AB, impleaturque aqua vcl quih 
libit alio fluido ufque ad terminum Tiiji pcfiea 
eadem pbiala immergatur intra vas E FG H, 
aqua calida plenum fubito aqua deprimitur aj^no 
D ufque ad O, 6? e contra ft immergatur intra 
aquam glacialem fubito aqua fublevatur ufque 
adjtgnum I. As to Ifaac Foffius, his way of re- 
prefenting the experiment is thus : Take a glafi 
bottle with a broad belly and a narrow neck, fill 
it full of cold water, and plunge it in hot or 
barely lukewarm water ; after the firft fhrinking, 
which only holds a moment, and which, upon 
the fudden contaft of the hot water, makes the 
cold fink a little, it quickly rifes again, but if 
you heat the water in the bottle ever fo little, 
and plunge it in cold water, the contrary will be 
found. 

Now tho' each of thefe experiments have fomc- 
thing peculiar to them, which fliews, that they 
had all been made feparately, yet they agree 
in this, that the liquor finks firft before it rifes, 
upon the approach of heat, which could not be, 
unlefs either the capacity, of the bottle were in- 
creafed, or the liquor contained in it condenfed, 
or both the one and the other, which has given 
rife to two different opinions. 

* Plate V. Fig, 3. 
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Voffius and'M. Geoffrey^ hold for the cohden-' 
fation of the liquor, and Borelli^ to whom I like- 
wife adhere, for the dilatation of the glaft ; in 
efFeft, the former fyftem, which appears only 
like a paradox, will perhaps be found at bottom 
a meer paralogifm, it being utterly inconceivable' 
how heat fhould condenfe a liquor, which makes 
{0 obftinate a refiftance againft all compreffion,' 
as common water is known to do; the moft 
plaufible way of folving it would be, by al- 
lodging, that the fiery particles, diffufed thro* all 
IXKli^s, both folid and fluid, have a tendency to 
rc-unite, where they happen to be, in the greatcft 
quantity, which makes them relinquifli for a 
little time, thofe places where they are fewer— 
but till there be fome experiment to fupport this 
fcafoning,' it will have no great force. 

By the way, it being of the kft importance, 
if we would extend our knowledge, not to admit 
any falfe principal, and there being but too much 
biafs in our nature, to v/hat feems furprifing, 
it may not be amiis to make a drift fcrutiny of 
thefe opinions, in order whereto I argue thus : 

If the feeming condenfation of the fluid, upon 
the approach of heat be real, its eflfeft will be 
more fenfible, the more fufceptible of conden- 
fation the liquor made ufe of is ; and on the con- 
trary, if it be the bottle that inlarges its capa- 
city, the eff^eft will be the lefs fenfible, as the li- 
quor made ufe of is more liable to be condenfed, 
inafmuch as it cannot have this quality, without 
at the fame time having its oppofite one, viz. 
rarefaftion, which of courfe will undo the effeft 
of the augmentation of the bottle more readily, 
than a fluid which rarefies with lefs eafe ; and this 
is what we aftually find \ for in the experiment 
-above related of the two thermometers, one filled 
M m 2 with 
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with aqua fecunda^ and the other with fpirit of | 
winci tho* my two hands were heated as equally 
as pofllble, I perceived no condenfation in the 
fpirit of wine before it rofe, tho* there was a very 
fenfible one in ths. aqua ficunda % and this, not-^ 
withftanding that the bowl of the former was 12/ 
titnes lefs than that of the latter, where* if ihel 
liquor had really condenfed upon the approach of 1 
heat, fo fmall a body muft certainly have felcj 
the impreflion Iboner than a greater one \ for not- j 
withftanding its fmaHnefs, its dilatation was 6 1 
times greater than the lai^e one, fo that there 
C30uld be no realbn to hinder the fpirit of wine 
from condenfing more confiderabiy than the aquak 
ficumda^ provided the condenfation had reallf I 
taken place i and hence we may fafely infer^j 
thai *tis the dilatation of the glafs, which bf| 
increafmg the capacity of the bowls, prodii 
this appearance of condenfation in the fluids and] 
that it can no longer be urged, as is done byj 
Voffms^ that heat condenfes fluids, before it di* 
lares them, any more than that fuch fluids art! 
colder at this time, than before the heat camel 
near them ; an opinion which has nothing in na* 
tyre to keep it in countenance. 

Tho* this experiment might have fufficcd tol 
fhew, that thofe already related, do not prove 
the cooling or condenfation of fluids, upon thcij 
approach of heat, 1 have further confirmed itj 
by another, 

Thrufting the glafs tube * A B, thro* the cork' 
C, which ilops a bottle D E, about 3 inches in 
diameter, and 4 inches high, almoft to the bot- 
tom of the bottle, till the tube dipped in a little 
water depofited therein^ while the reft of the 

bottle 
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bottle was only full of air, which railed the water 
(^ the tube to F 2 or 3 inches above the neck of 
the bottle. 

. Now every body knows, that air^ readily re- 
ceives the impreffion of cold, and that W€ 
have no nicer diermometers than thofe made in 
this manner, and yet applying both my hands 
upon the bottle, the water in the tube did not 
fink above 2 or 3 lines, and even upon repeating 
the experiment feveral more times, it did not fink 
at all, but rofe quickly to the top of the tub^ 
whereas, when the bottle is quite full of water, 
the defcent of the water in the tube A B, by the 
warmth of the hand, is upwards of | an inch. 
I might eafily have repeated thefe experiments, 
with other degrees of heat, mor^ confiderable 
than thofe of the hand, but this feems unne* 
ccflary. 

E're we conclude, it may be obferved, that 
by diefe words of Borellij impleaturque aqua vol 
fkolibet aliofluido^ it appears, that tho' he really 
aicribed the finking of the water to the dilata- 
tion of the botde, he had confidered the different 
ienfibility of liquors, tho' this difference of fen- 
Ability be the only proof of the dilatation of 



VII. Obfervations on the declination of the 
needle^ made in a 'voyage from France to 
the Eafl-Indies, and in the return from 
the Indies to France, in the year ^ 1703 
and 1704, by M. Caffini the Jon *. 

M. Gualtieriy the pope's nuncio in ordinary, 
communicated to us lately two charts, which Were 

• March 28, 1705. 
• ^ givep 
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^ven him by the chevalier de Fanienay^ who 
commanded the veflcls le Maunpas^ and k Pon- 
dicber)\ which carried the pope's legate to the- 
Indies. In thefe charts are defcribcd the courfe, 
they -wcot day by day from Port-Louis^ whence 
they failed April 23, 1703, to Malacca j and 
froQ) Malacca to Port-Louis^ where they arri- 
ved :ih Auguft^ 1 704. On one of thefe charts 
is described the variation of the needle, obfcr- 
ved.not only in the voyage from France to the 
Indies^ but alfo in the remrn ; and there, is a . 
much more confiderable number of them, than 
M. de May has defcribed on his chart, the rela- 
tion of which we have already made to the 
academy. 

Among thefe obfervations, there are many 
which were, made on the fame days with thofe 
of M. de May. There are alfo feme in M. de 
iVi^'s chart, which are not defcribed on the 
new chart; fo that it appears they have been 
made by different obfervers, and perhaps even 
in two different Ihips, thofe which were made on 
the fame day, not agreeing all of them ex^dly, 
having fome difference in feme of thern, which 
neverthelefs does not exceed more than half a de- 
gree. That agreement which we have already 
found between the variations obferved by M. de 
May, and thofe remarked by Dr. Halley^ in his 
chart, has induced us to examine thofe which 
we have lince received ; and we have placed 
on Dr. Halley^s chart, all the obfervations which 
are remarked on thefe new courfes, which are to 
the number of 94. 

To place them with the greateft exaftnefs 
poflibly, regard has been had to the longitude, 
which is defcribed in thefe different charts. In 
the chevalier de Fonienay^s chart, the firft me- 
ridian 
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' ridian paffcs through C^p^-y<?ri. The longitude 
of the Cape of Good-Hope^ * is there fet down at 
38^ 5 that of the iQe of Bourbon or Mafcaregne^ 
•where they landed going and coming, at J^^ -^ 
of Pondicbery^ 102^, 30'; ^axid oV Malacca^ 

In Dr. H alley' % chart, which takes the longi- 
tudes froth the meridian of London^ the ^ ditie- 
rcnce between the longitude of Cape-Verd^zxA 
the Cape of Good- Hope ^ is there faid to be 33** \^ 
which is 4^ I left than in the new chart. The 
diflfcrence which is between the Cape of Good-- 
Hope and the ifle of Bourbon^ 38^ ; between the 
ifle of Bourbon and Pondichery^ 25°, 40' i and 
-between Pondicbery and Malacca^ 23". 

The difference of longitude between Cape- 
Verd and the Cdpe of Good- Hope ^ being not t;hc 
feme in thefe two charts, the neceflary reduftion 
has been made, to place on Dr. Halley^ chart, 
thofe places where the declination was obferved 
in the new chart, which are comprifed between 
the meridians of thefe two capes. As to the 
other differences which are very near the fame, 
there was no need of making any confiderable 
redudions in them. 

It is feen by comparing thefe obfervations, 
that there are many of them which give pre- 
cifely the fame declination of the needle, as is 
ckfcribed in the chart of variations ; and that 
the greateft part of them are not more than a de- 
gree diftant from it. Some of them differ more 
confiderably, principally thofe which were ob- 
ferved in the return, from 106*^, 5c/ longitude; 
add 5® fouth latitude, to 81^, 30' longitude, 
and 20^, 30' fouth latitude. Thefe obfervations 
differ from thofe defcribed in the chart of varia- 
tionsf from 3 to 8 degrees, and do not even 
I agree 
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dgrec with thofe which were made in ihe voyag 
from France to the Indm^ which are a lirtJe 
more fouthward. Thus it may be conjeftured, 
that there was fome particular caufe, which pro* J 
duccd thefc differences. 

I have faid in the preceding memoir, that if on 
examining the obfervations of the variation 
the needle made in feveral other CDurfes^ there i$^ 
found a like conformity with that which I have 
related^ fome ufe might alfo be made of ir, m^ 
determining the longitudes, more efpecially inJ 
thofc feas which are beyond the equator^ wherel 
the lines which mark the variations, cut the pa- i 
rallels more perpendicularly. This is confirmed ' 
by fome obfervations, which F. Noel has comj- 
municated to us within thcfc few days. This] 
is what he relates. 

** Sailing in the Indies^, in the year 1684, II 
** perceived by feveral pilots journals^ and by 1 
*' the convcrfations which I had with themj that I 
** the variation of the needle has certain bounds 1 
*^ and fixed rules, at leaft in regard to certain 
" places of the earth ; fo that when it is come 
** to certain degrees N, E. or N. W. it returns 
^^ towards the N, and never goes through the 
" whole circle j fo that formerly it was N, E. 
*' in fome places, where it is now N, W* The 
** annual difference of this variation, by com- 
** paring the journals of many years, was found 
*' to be from o, 9', 30''. In the year 1 702 > when 
** I returned from China to the Capi ^f God* 
** Hope^ the needle declined 12^, 30', from N, 
** to W, At 100 leagues from this cape towards 
" the Indies^ it was 15^. At the point of the 
" ifie of Madagafcar^ it was 27^, which was 
*' much greater than when I firft pafled by there, 
*' going to the Indies, It keeps this rule pretty 
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-* certainly, ftom the part of Lisbon to the /»- 
»** ^/>j, fo that pilots, by infpedtiog the needless 
:f* variation, know certainly at what longitude 
•* from land, and at what place they are. It is 
*^ now fixed in the middle of xhe paffage, between 
;*« the Brafils and Africa^ that is, it neither de- 
^^ clioes to the E. nor W. . It muft. be obferved, 
" that fometimes the needle lofes its. virtue by 
^^ length of timie, and through the bad tempera- 
>f< turc of the air. 

.ym. New Ofbfervatiims on the load-ftone and 
Qnthe magnetical needle ^hy M. de la Hire, 
• junior**^ tranjlated iy Mr. Ch2tmhtts. 

I dondt here propoie to give a new fyftem of the 
ioad-ftone, nor to enumerate, nor to relate the 
iibveral virtues of that ftpnc; or the effefts'ob- 
(ftrved in fieel, or iron touched thereby, but (hall 
^oriy 'endeavour to clear up fome difEculties which 
-€dCQr ih observations made with a needle ; and 
'^llib^oin fome remarks upon the nature of the 
'4oad-ftoae it&lf; and its comparifon with our 
*^k)be of earth ; which, by all the experiments 
^ithertQ made, appears to be a real loid-flone. 

^Tis known, ^that ail obfervations of the va- 
-fiation of the needle made at fea, are liable to 
•ttiany -errors, on account of the great quantity of 
^ipon in all veflcls, which, according to its feve- 
•lal pofitions, will draw the needle out of its true 
«direftion, not to mention the ufual conftrudion 
■pf this needle, or compafs, as 'tis called, which 
-is- too grofs to give the declination very exaft ; 

but the obfervations, which we now make at 
iland with large needles, very delicately hung, as 

that of 8 inches long, which we have ufcd from 
♦ April zz. 1705. 
Vol. II. N^ 15. Nn the 
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the year 1682, after firft determining a meS^j 
dian plane with all the juftncfs imaginable^ anC 
far from all ferruginous matter to apply the fide 
of the box to have affured us of the juft declina*] 
tion of the needle, and of its progreflion^ 
changing, called its variation^ as may appear 
from feveral memoirs, which we have already 
publiflied. 

Some philofophers have im^ined, not wichouc 
a fhew of reafon, that the needles touched with' 
different ftones, do not exhibit different declina- 
tions, on account of the varieties obfervable in j 
different needles at the fame place, yet that fuch 
inequalities might arifc from the different ftruc-j 
ture of the needles. 

For needles touched with a ftone, have only! 
received from it a difpofition in their pores* to 
let the magnetic matter, circulating in a certain] 
direftion round the earth, pals through themJ 
after the lame mantier as the load-ftoncs them-* 
felves received this property at their firft forma-l 
tion. So that tlie different load-ftones ciinnot give] 
different virtues to the needles, which can receive] 
no direftion, but according to the courfeofthc 
magnetic matter, which being the fame in thfij 
4ame place of the earth, muft give them the {kmc\ 
diredion wich its own ; but cho' the magnetic] 
matter aft equally, and in the fame direflion in 
the fame place, it may be diverted therefrom* and 
this differently, according to the different difpo^ 
fition and figure of the bodies which receive it, 
as we find betel two load*ftones, or two needless 
when placed at liberty near each other out of die ] 
Une of diredion, 

Hiis made it be imagined, that needles, which j 
have two pieces of fteel at their ends joined to- 
gether by a Qender thrcftdj might be confidercd as 
^ ' two 1 
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ttifo load-ftones, of different ftrength and figure, 
placed apart from each other, but connected by 
KKne intermediate body ; and if the two pieces 
of fteel wereof fuch nature or figure, as that the 
magnetic matter ihould have a different diredtion 
In the one from what it has in the other, and that 
CDC of them had received a ftronger impreilion 
fiom the touch than the other, it will neceflarily 
lollow, that the needle mud take an intermediate 
dire&ion compounded of the two, and different 
firom that of the magnetic vortex of the earth 5 
cohiequently fuch needles muft exhibit different 
d^lihations from each other, as well as from 
needles of a different make. 

Needles made broad in the middle, when ter- 
minating in points^ may be fuppofed lefs liable 
to fuch irregularities than thofe thus^ furnifhed 
with pieces of fteel at their ends ; but yet they 
wiU not be entirely exempt therefrom, by reafon 
of the inequalities of their matter and figure, which 
can never be perfeft. 

Toafcertain this point, we procured 4 needles 
to be made bigger at the middle than towards the 
ends^ and terminating in a very fine point, they 
were each of them 8 inches long, two of them 
being as flrait and equable as poflable, a third 
cnrdoked like an S, and the fourth in Hiape of a 
bow ; one of the ftrait, and the two crooked ones, 
Mtre touched with an excellent ftone, which 
weighs 7 li. and is ftrong enough to turn a needle 
6 or 7 feet diftance -, fo that it muft have a fenfible 
voriex rgund it, above 1 2 feet in diameter -, the 
xher needle was touched with a very good ftone 
belonging to M. Butterfield. 

Wc proceeded next to examine the box, which 

was of an oblong figure, in order to be fatisficd 

nrhether its fides were parallel to each other, and 

N n 2 to 
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to the line which pafles throu^ tbe pivQC^ and 
the two firfl points of divifion of the two arches^ 
which ferve to meafure the qoantity of the dedi- 
nation, with regard to the point of the pivat ;aiK] 
the whole being thus redtified, we found by feve- 
ral obfervations, that the two ftrait needles^ and 
that bent like an S, had their points snd tbe bot- 
tom of their cap, which plays on the pivot, per« 
fedly in a right line; as to the other arched one, 
we found one of its extreniities deviate from die 
right line 2^ — 20'. 

This done, we put the ftrait needle which 
had been touched with our ftone, and which is the 
needle we commonly ufe to take the decliBadoQ 
by in the box, and placing the fide of tbe box 
againil the meridional plane, the needle gave us 
9% 25', declination weft wards, which agrees with 
our other obfervations 5 then we put the other ftrtit 
needle in the box, which had been touched with 
M. ButterfielcP^ ftone, and found it give exaftly 
the fame declination 9' — 25' — ; yet another 
larger needle than either of them, which had 
two pieces of fteel at the ends, and which had 
been touched with the fame ftone, had given as 

the declination 9 52' — in the fame place 

fome time before ; laftly, the needle bent like an 

S, only gave it 8" 45' ; and the laft, which 

was arched ftill lefs, viz. S"" 22' — • 

Hence we may conclude, that needles touched 
with different ftones, do not give different decli- 
clinations ; and that if there be any difference, it 
muft either arife from the unequal hetrc^cneous 
matter, or from the figure of the needle. 

This is confirmed by the obfervations of the 
two ftrait needles ; as to that fhaped like an S, 
its two halves being placed afide of the right line 
which paffes through its extremities, the point, 

which 



^Aich looked towards; chef nortli, only ihewed 

8° 45' — in lieu of 9?^— — ^25', which might 

pfoeetid; from thie c<9mporuioivof die di pedion» of 
fhcr magnetic matter iw ihs two* parts of the 
needle, and perhaps alfo in feme meaftire- from 
the matter thereof. As to that fhapecJ archwifet 
a right line pSifling thro? its two points^ would 
have given us 9>"---—-j2'"-- declination^ which 
deviates but Ktde from that givew by the ftraic 
ones. 

On tb£ insqualUus- m the varialkn of the' 

We fhall not here relate the accounts of feveral 
autfaxHS touching the di^rent declinations of the 
Medle, the certainty of whofe obfervacions might 
be called in queftion, but only give thofe which 
weourfelveshave made, and compare them with 
fimeothers, whereof we may be mllv fatisfied. 

M. Piiurd informs us in his treatife of the mea* 
iure of the earth, that in the ye^ '670, he had 

found the variation at Paris t" go- weft- 

WiEirds with a needle, 5 inches long. That in the 
y^r 1666, there was no fenfible declinaltion at all 
by the fame needle ; but that in 1 664, it declined 

40^ — eaftward, the change having been 20^ 

for each year. In the manufcript of the lame 

obfervations of M. Picard^ we find in 1680 the 

declinaticHi of the fame needle was 2^ ^40^- — ; 

confequently from 1670 to 1680, the declination 
had only increafed i"^ lo', which only 

pves 7'—' for the yearly increafe. 

From that time we have made a greater num- 
ber of obfervations at the royal obfcrvatory, with 
a needle 8 inches long already mentioned, I ftiall 
here only relate fome of the principal ones. 

. In 
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In i6S3t March the loth the declination was 

3"^ S d— ' ■ weftwards. 

In 1684 the needle declined 4" - ■ i d - ^ 
In 1685 the declination ftill remained 4^—^ 



10 



In x686 it was 4^^ 30 

In 1692 itdcclined5' 50'- 

In 1 69 J 6^ 20'- 

In 1696 



In 1698 f 40'- 

In J ^00 S'' 12^- 

In 1701 8 25^- 

In 1704 9" 20'- 



By confidering thefe obfefvations it appears, 
that the declination does not increafe equably^ that 
fomctimes it fcems the fame for two years toge- 
ther, but afterwards increafes faftcr than it fhould 
have done. Without entering therefore into the 
reafons of thofe little variations, wc fhall con* 
tent ourfelves to compare the diftant obiervS' 
tions together^ in order to deduce the law of the 
variation therefrom, there being no rcafon to 
imagine, that from the time of its turning to- 
wards the weft, it has either increaftd or (lack-* 
ened to the prefent time. Now letting afidc 
M.PkanI*s obfervation of 1680^ we ftiall find, 
that in 38 years, viz. from 1666, to 1704, the 
declination has increafed g^, ao', which only 
gives about 14' -I for each yean 

It appears alfo from fome ancient obfervations» 
that in the year 1580, the declination at Paris 
was II , 30', caftward, which being compared 
with the obfervation of 1666, when there was 
no declination at all, gives fomewhat lefs than 
8' — per year ; whence one would imagine, that 
the variation had not been fo great in thofe days 

as 
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%% now- Indeed* it may be obferved by the 

vay, that *tis not very ealy to meafure and efti- 

Lmate minutes exadly-j on a little circle of 8 inches 

[diameter, and that the magnetic matter of the 

voriix of the earth might not be powerful c- 

nough to bring a larger needle exaflJy to the 

I fame point % fo that *tis no wonder, if we Ibme- 
4im€S find confidcrablc diftances between one year 
and another. 

In a Spanijh book, entitled the l^aval Theatre^ 

,i)y Don FrancifcQ deSeylas and Louera^ we find 

ttwo caufes afligned for the variation of the decli- 

|«nation ; one is the feveral mines of load-ftones, 

[fifound in the feveral parts of the earth \ and the 

3thcr the nature of the load-ftones, wherewith 

Lrhe needles are touched,^ As to the former, 

there is no doubt but large rocks of load-ftone may 
taffeft the needles when near them ; but that they 
^^ihould have an effeftat a great diftancecan hardly 
• be conceived. 

As to the latter, the author builds on fomc 

vcxperiments, which he made in a mine of ioadT 

tones in the province of Honduras^ m America^ 

[This mine, he fays, confifted of two principal 

veins ; one whereof was extended north and 

fouth, and the other eaft and weft. In the for- 

imer vein, he found a flip about two fingers broad, 

•which was excellent load-ftone, and placing a 

needle along this flip, he found it had no decli- 

> nation, but when the fame needle was placed on 

the other vein, it had a fenfible declination on 

both fides % he adds, that h^ learnt hereby, that 

Nhe north and fouth vein predominated over the 

other- 

Now what he fays is highly probable, but it 

t does not follow hence, that when the ftones arc 

taken out of the mine, and needles touched with 

them^ 
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them, fuch needles maft hav€ the fame direftioq 
as the ftone had in the mine \ fmce in rertlity th 
needle does not take its direftion from the ftone 
but only from the itiagfietic vortex of the earth j 
for otherwifc, if die point of a needle were touche 
with that fide of a ftoac, which looks to the i 
or weft in a free fituatioii^ it would follow, 
fhk ^ointofthe needle would turn tothe^ft 
weft, which is contrary to all experience. 

He adds farther, that having melted fome 
this win of ioad-ftone^ he procured iron from i^^ 
whioh had the lame virttie as the ftone i^lf i 
and yet ^tis well known, that a load-ftone, 
heated only red-hot loofes all its virtue, and 
more muftrit do ifoj whmt it has undergooe ai 
fion, Whut further difcredits his whole accx)unt 
that he 3 {fares usj that putting two little pieces i 
this iron on the ends of a needle, it never vark 
cither at land otiksx^ z circiimftance by no mean 
probable, and contradiftory in fome meafure 
his own relation. For what is now become^ 
his rocks and mines of laid 'ftone, which wcrej 
-laid down as the general caufe of the nee 
varying, 

0/ the converjim of iron into had-Jlme^ 
If all the diflTerencc between load^ftonc andl 
animated iron confift in this, that the former isofj 
a ftony nature, and capable of being broke and] 
reducaJ into a fine duft % whereas the latter is in- 1 
capable of both, by reafon its parts are fofcer andl 
more tenacious. ^Tis certain, that ruRy iron, if] 
it bcpoffdrcd of a magnetic powcr^ jn till be con- f 
fidered as real load-ftonej fince iron in this ftalci 
fcerr^ to retain nothicg of the metalline namre, 
but ratlier appears as a ftone being e^fy to be broke 
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GaJfendusJ^in the life of Fab. de Peiresk^ relates^ 
that the crofs on the fteeple of St. John (PAix^ in 
Provence^ having been thrown down by thunder, 
it was obfcrved, that a cruft of ruft, which had 
. gathered on the part of the iron of the crols in- 
ferred into the wall, was found very magnetical, 
though it had nothing remaining of the former 
quality of iron. This led fome curious perfons at 
Cbartres^ a few years ago, to examine whether 
the rufl: on the bars of iron that bound the ftones 
of one of the fteeples of Notredame^ when they 
were obliged to rebuild it, were not alfo conver- 
ted into load-ftone, and after examining feveral 
pieces thereof, they found fome which were really 
pure load-ftones, having nothing of the iron re-^ 
maining, while others had no fenfible virtue 5 and 
others very little. Several of thefe magnets I 
have ftill by me. 

On this occafion my father fearched among a 
multitude of pieces of iron ruft, fome of them 
very thick, which had been gathered from an- 
. tient buildings, but could not find one that ap- 
peared magnetical ; this is eafily difcovered by pre- 
tenting them gently to the point of an animated 
needle 5 for if they have acquired any power, they 
will attract this point on the one fide, and repel ic 
On the other. 

Upon this, he bethought of a method of mak- 
ing this kind of load-ftone with iron, not being 
able to attribute this converfion of iron into load- 
ftone, but to two caufes ; the one the difpofition 
pf the iron in the air with regard to the magnetic 
vortex of the earfh, which might have given it a 
magnetic power, which it ftill in fome meafure 
retained, tho' changed into ruft or ftone 5 the 
other to a particular property in fome iron which 

difpofcs it to be converted into load-ftone. — 

Vol. II. N^ 20. Oo To 
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To this purpofe, he took one of the (quare 
ftones of St. LeUy and fawing it to an angle of 

60 with the horizon, placed it in the air in 

the direction of the meridian line, making withal 
(everal grooves in the flat fide, and inferting pieces 
of iron wiar into the fame, according to the di- 
rection of the magnetic matter around the earth, 
with regard to our horizon. This was done in 
1695, and the part of the ftone, wherein the 
wiars were put, was covered over with the reft 
which had been cut off of thefe wiars. Some 
were animated, and others not ; they were placed 
about the diftanceof two inches from each other. 

The defign of all this apparatus^ was only to 
learn, whether when the iron wiar fhould in 
length of time be confumed, the ruft arifing 
from it would not be a magnetical matter, and 
whether there would be any difference between 
the iron which had been touched, and that which 
had not. He chofe the ftone of St. Leu^ as be- 
ing that whereof the fteeple of Notredatne at 
Chartres had been built. 

In fine, after the fpace of 10 years, we found 
that only feme of the iron wiars were quite turned 
into ruft, tho' none of them were above \ a line 
in diameter, but all the wiars, whether wholly 
or partly ruftcd, had a ftrong magnetic power, 
as appeared by prefenting them to a needle 5 and 
thofe which had not been touched as much as the 
reft, which can only be fuppofed owing to the 
length of time which they had continued in a 
proper pofition to receive the effedt of the mag- 
netic vortex of the earth, and to their being con- 
verted either wholly or partly into ftone. The 
pieces of wiar were 4 or 5 inches long, and were 
held horizontally when prefented to the needle, 
to prevent their becoming animated by the vor- 
I tex 
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tex of the earth. Upon the whole, fuch as were 
intirely changed into ruft, were real load-ftones ; 
and the like might be faid of thofe little (lakes 
of ruft, which came out of the reft ; tho* as 
thefe flakes would not hang to the extremity of 
the iron-wiar, which was not magnetical, but 
hung vigoroufly to the point of an animated 
knite, one would imagine, that they were not 
changed into load-ftone, but that they ftill retained 
ibmething of the iron, unlefs we chufe to fup- 
pofe, that fuch. fmall particles of load-ftone were 
not ftrong enough, with regard to their weighty 
to fuftain themfelves upon iron, which had not 
been animated. 

It cannot indeed be abfolutely laid, that ruft 
retains none of the properties of iron, fmce we 
have found that fome large pieces of ruft, which 
made no imprefTion on a magnetical needle, fup- 
ported by its pivot, when reduced to duft, would 
ftill hang to the point of an animated knife. 

But ihcfe pitices of ruft, which have no mag- 
netic virtue of their own, are likewife incapable 
of receiving any from the touch of the bcft 
ftone, it may therefore be imagined, that in 
this ruft, which is about ;*; of an inch thick, arid 
in all refpefts like good load-ftone, the particles 
of iron^ ftill remaining, are too much fettered 
with the other matters mixed therewith, to be 
in a condition to receive the magnetic virtue of 
the earth's vortex ; doubtlefs there is a good 
quantity of iron in the load-ftones, which are 
real ftones, fmce we can procure iron from them 
by the fire ; but I hardly believe it poflible to 
procure iron out of that which has been confumed 
by ruft. 

This experiment led us to tnake another ; we 

took fome of thofe little pieces of burnt and 

O o 2 melted 
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melted iron, which fall in fparks and fcalesa*' 
round the fmith's anvil, and reduced them like 
a ftone into a fine powder, which powder would 
ftick very ftrongly to the point of an animated 
knife. But what was more, fomc of thofc pieces 
which had been melted, and were capable of 
being reduced to powder, were ftill fufceptible of 
the magnetic power s and when touched with a 
good ftone, took up a hrge quantity of flecl- 
filings: 

By this it appears, that the fire in melting and 
confuming iron, does not intirely deftroy its na^ 
ture, tho' it only leaves it in the appearance of a 
ftone. There is litde or no iron ore but is a 
load-ftone, as^may be eafily known, by prefeniing 
it on feveral fides to a magnetic needle ^ but the* 
they have the charafter of real load-ftone, they 
are fomctimes fcarce able to fuftain the fmallcft 
filings. 

I have had a large load-ftone for fome years, 
which weighs a 100 lb. and tho* it be not of the 
beft matter, it appears tolerably good by its ef- 
fcfts, fince it will turn a needle at 6| feet diftance, 
and confequently muft have a fphere around it 
of 13 feet diaraeter. This ftone we have rounded 
in fofpe mcafure, and filled up the greater ine- 
qualities with a plaifter of the fame colour as the 
ftone, fo that the whole makes a kind of ball, 
about a foot in diameter. 

Having fearched for the poles of this ftone, wc 
found them in two points diametrically oppofite, 
vpon which we drew an equator in the middle be- 
tween them, and divided it from 30', to 30^5 
thro^ which we drew meridians, in order to 
obfcrve the feveral declinations of the needle 
wit!: the more exadnefs ; we aifo noted its decli- 
i::U!on jn all the points where the meridians cut 

the 
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the equator ; by which it appears, that in a cer- 
fiiin fpace it is weftern, in another eaftern, and in 
feveralplaces o ; the fffeateft of thefe declinadons 
is 26 , and three of the places which are no 
declination, are in the artic circle. In efFeft, by 
tracing the feveral points wherein the needle had 
no declination, we formed two different lines, 
one whereof began from die artic circle, and re^ 
turned to it again, by a meridian, after deicend* 
ing about 10' beyond the equator, and defcribing 
a fpace about iio^, parallel to that circle; the 
other beginning likewife in the pole or circle, 
makes feveral turnings near the fame; after which 
it takes its courfe north and fouth, and making 
fome more inflexions, cuts the equator, and ter- 
minates in the antartic circle. All which de- 
clination, and the lines where there are none, bear 
a near relation to what we find on the terreflrial 
globe. 

By the feveral experiments hitherto related, it 
appears, that the diEferent declinations of the 
lpad-ft(xie, obferved on the terreftrial globe, are 
only owing to the different difpofition of the 
magnetic matter in the earth, as we judges to 
be the cafe in our globular magnet, for there 
is no doubt but the vortex of magnetic matter, 
was the firft caufe of all load-ftones^ fince we 
find it produce new ones every day ; and if this 
matter could have taken fo many different direc- 
tions in forming our done in its mine, takes no 
fewer in the whole globe, and if changes could 
befal our load-ilone like thofe which beial the 
eanh, by the dellrudion of fome magnetic mat- 
ter, and the formation of other where there was 
none before, we Ihould in courfe of time find 
variations on this load-flone, anfwcrable to thofe 
which befal the magnctifm of the earth. 

IX. 
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IX. On the condenfation and dilafatim of 
the atr^ by M. dc la Hire, jun. * tran- 
Jlated by Mr. Chambers. 

The general rule given by M. Mariotte^ for 
finding the difierent condenfations of the air, pro- 
duced by given weights, is founded on an expe- 
riment which he relates in the firil place, and af- 
terwards confirms by 3 others, made with a 
cnx>ked glals tube, one branch whereof having 
a foot, was iealed hermetically ; the other being 
as wide as one pleafed, he put mercury into this 
tube, and continued the experiment, as may be 
feen in page 140, &^. of his treatife of the mo^ 
tion of fluids ; and the experiments arifing here- 
fit)m, gave him occafion to eftablilh a general 
rule, and to advance, that the denfity of the air 
is in proportion to the weight. 

My father alfo laid before the academy a ge- 
neral rule for the condenfation and dilatation 
of the air, deduced from this only fuppofition, 
that the air is heavy and elaftic. 

He made feveral experiments, to find in what 
proportion a fpring taken in a moderate ftate of 
cxtenfion, would be ftrctched by different weights, 
and found, that its extenfions were in a direft 
ratio of the weights ; but proceeding alfo to en- 
quire how the fpring contradled, he found, that 
its condenfations were not in a direft, but a reci- 
procal ratio of the fame weights, which will not 
be difficult to conceive, if we remember, that in 
ftretching, the fprings enlarge their bulk, in pro- 
portion as the weights are augmented ; and 
that on the contrary, in contrafting they Icffen 

♦ May 6, 1705. 

the 



Royal Academy ^Sciences. 287 

the fame. It was on thefe experiments^ therefore^ 
that he built his general rule, which proves per* 
fcftly conformable to that of M. Mariottej and 
to the experiments lately made before the acade- 
my by M. Amontons^ as will appear by the fol- 
lowing table, where his experiments, and the re- 
Mt of the rule, are found oppolite to each other. 



Height of 


Denfity of 


Denfity of 
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air by the 
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X. Experiments on the rarefaSlion of air^ 
by M. Amontons *, tranjlated by Mr. 
Chambers. 

I filled a tube 40 inches long with mercury, 
and found it to contain 7 ounces, 7 drachms, 
8 grains. 

I filled in like manner another tube, one end 
whereof terminated in a large veficle, of the fi- 
gure of a cervelas, and found it hold 87 ounces, 
6 drachms. The veficle in particular, to its fet- 
ting on to the tube, contained as much as a tube 
equally thick, with that of 46 inches, and 475 
inches 5 lines | long -, the reft of the tube, which 
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was 29 inches long, contaioed as mixdi as 36 in* 
cbes 6 lines and i, of the iame tube of 46 in* 
ches, {o thae the whole cube with its vefidev ic^ 
(H^ented a tube 51 1 inches, 8 lines y\ long, and 
equal in thicknefs to that of 46 inches. 

This tube with its veficle, being full of mer« 
Qury, I inverted it as ufual ; exceptii^ that to pre- 
vent heating the veficle and its contents, I always 
handled it with a linnen cloth, which was ob- 
ierved in all the following experiments. 

The lower end being immerged an inch deep 
in mercury, which role above the edg: of the 
baibn, in proportion as the veficle emptied itfelf, 
the mercury at length ftopped in the tube 28 in- 
ches above the mercury in the balbn, which 
fhewed, that the atmofphere was then equal to 
fuch 28 inches. 

While the veflcl was emptying, I obierved 
abundance of large air bubbles all along the tube, 
attempting continually to rife, but ftill prevented 
by the defcent of the mercury, but at length they 
afcended and reached the veficle, when the mer- 
cury ceafed falling ; this air I took to be what 
the mercury was purging off. 

To fee whether this air did not alter the height 
of the mercury, 1 repeated the experiment with 
the tube of 46 inches, and the mercury ftopped 
there likewife 28 inches above the mercury in the 
bafon. 

Having aflured myfelf of the weight of the 
atmofphere, I filled the tube with the veficle a- 
gain, and poured a little mercury out into the tube 
of 46 inches, to fee what height it would there 
poflefs. By this means I found that the aii^lcft 
in the tube was equivalent to 2 inches 6 lines of 
the tube of 46 inches, and the like of all the reft*; 
whether after filling the tube intircly, I mcafured 

the 
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themercuky pbured out, or whether without £11- 
iog it, I meafured what was put in it by fubftrac* 
ting it from the total capacity of the tube. 

The natural bulk therefore being two inches, 6 
lines, I inverted the tube Upon which the mercury 
flopped 2 lines lower than the 28 inches ; that is, 
27 inches, ib lines above the mercury in the ba- 
ibn, and confequently thefe 2 inches, 6 lines were 
fpread thro* a fpace above 190 times greater than 
what they pofTefTed before, yet ftill prefcrved a 
ipring equal to two lines. 

Having left 18 inches, 7 lines of air, the mer- 
cury after inverting the tube remained one inch, 
I line below the 28 inches, which fhall hence- 
forward be the term, from whence I compute, the 
falling of the mercury. 

Having left 36 inches, 6 lines f- of air, the 
mercury ftood 2 inches, i line j lower. 

Leaving 465 inches, 8 lines 7 f of air, that is, 
putting only the 46 inches tube full of mercury, 
it ftood 25 inches, 9 lines ~ lower. 

Putting in the tube of 46 inches twice full of 
mercury, it ftood 23 inches, 9 lines lower. 

Putting in thrice tHe fame tube full of mer- 
cury 2 1 inches, 1 line lower. 

Putting in four times the fame tube fiill of mer- 
cury, it ftood 18 inches, 7 lines | lower. 

This way of meafuring with the tube of 46 lUr 
ches appearing too tedious to be continued, I had 
r^courle to weighing. 

Putting therefore 2 /^. 7 ounces, 3 drachms, 
40 grains of mercury, which is 5 times the quan- 
tity of what fills the 46 inch tube, the mercury 
remained 16 inches, 1 line :J lower. 

Putting in 3 li. 7 ounces, i drachm, 56 grains 
of mercury, which is feven times the quantity, it 
remained 10 inches, 1 1 lines lower. 

VoL.li. N^.^20. Pp Putting 
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Futdog in 3 pounds^ 15 ouoces, 64 grains of 
mercury, which is 8 tinies the qnmtkf^ it re- 
mained 7 inches, 1 1 lines lower. 

Putting in 4 ik 7 ounces of mercury» which is 
9 times the quantity, it remained 5 inch^ 7 
lines i lower. 

Putung in 4 /^. 14 ounces, 7 drachms, 8 
grains of mercury, which is 10 times the quan- 
tity, it remained 3 inches lower. 

Putting in 5 pound, 6 ounces, 6 drachfps, 16 
grains of mercury, it funk 4 lines lower, - 

It mufl be obferved, that fpppo(ing a|l the 
ineafures and weights above* mentipned exa^ft, 
there mud be fome 5 inches, 8 lines ,^i of the 
veficle tube wanting of being full, which (hould 
be the namral bulk of the air in this eyperimjcp^ 
whigh, however, was only found to be 5 in- 
ches, 6 lines if ; fo that there was an trior of 

I line iff I or about a line |, which is not very 
confiderable in a length of above 511 inches-, 
being only the ^joio part thereof, which I only 
mention to fliew, that there was no very grois 
error in the meafures and weights, and to fig- 
nify, that we are to take the natural bulk of the 
air in this experiment, to be 5 inches, 6 lines 
if, in lieu of 5 inches, 8 lines /,, which with 

II times 46 inches, make the whole length 511 
inches, 8 lines 7^, . 

Thefe experiments made, I filled the vcficlc 
tube intirely again, and inverting it, the mercury 
flopped as before at 28 inches. 

Now to find whether thefe experiments agree; 
with the received hppothefis, a table may be 
made, wherein the produd: of the natural bulk, 
by the weight of ihe atrnpfphere, may. be cx- 
preffed in one column, and the produA of the 
bulk dilated by its refpeftive load in the other. 
... I My 
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My opinion was, that all the terms, which give 
thefe produ6h, were only determined by the mca*- 
fures in (he experiment, fomewhat near the 
truth, and not to the utmoft exadncfs, and there- 
fore that I could not fuppofe any of them true, 
more than others, nor of confequence infer any 
thing with certainty from them ; and the rather 
as each of thefe meafures, befide its particular va- 
riation from the real bulk, might likewife vary 
. from the hypochefis by an error in the other 3 
meafures. 

Thus, for inftance, if the meafure of the bulk 
dilated be Jefs than the real magnitude of this 
bulk,, the experiment will feem to deviate from 
the hypothefis by the particular error of fuch. 
meafure, riiat is, by making this dilated bulk 
fmallcr than the calculus ; tho' it muft be con-^^ 
fefled, if there were no other error to be appre- 
hended, this Tvould not deferve much notice, and 
the rather as it is the a)mmon praftice. 

But if befides the dilated bulk being taken for' 
lefs than it is, the natural bulk be taken for 
greater than it really is, this fecond error, after 
^inverting the tube, will add a new magnitude to 
the dilated bulk of the calculus, and render the 
difference between the calculus and the experi- 
ment ftill more confiderable. 

And again, if the Weight of the atmofphere be 
taken for lefs than it is, as the fame weight oc- 
cafionsa greater change in a quantity of air much 
dilated, than in the fame quantity of air when lefs- 
dilated, the calculus wifl on this account give the 
bulk of dilated air greater than the experiment. 

Laftly, if in meafuringthe tube, its dimenfidns 
be taken greater than they really are, this will 
likewife x:aufe the bulk of the dilated air to be 
augmented by the calculus. 
:. * P p 2 On 
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On account of thefe four errors, in rdpeft of 
meaibres, which are no errors in the hypothefis, 
I apprehended, that the bulk dilated, as round by 
the calculus, might differ confiderably from that 
of the experiment, without any thing being de- 
ducible therefrom againft the truth of the hypo- 
tfaefis. On the contrary, this leemed to make it 
impdlible to diftinguifh whence the difference be. 
ween the calculus and the cYperiment might arife, 
unlcfs the experiment deviated very far from the 
hypothefis ; for in this cale, the condufion muft 
be againft the hypothefis, (ince the meafures can 
only deviate a little from the truth, and confer 
quently are mcapable of producing any coofide- 
rable difference. 

I apprehended therefore that f6 long as the 
difference between the calculus and the experi- 
ment fliould not be very confiderable, it would 
be almoft impoflible to fay, whether it proceeded 
from an error in the meafures, which, by the na- 
ture of the thing, are all thrown together, or 
from the erroneoufnefs of the hypothefis. 

But notwithftanding all this, fome very know- 
ing members of the academy, to whofe judg- 
ment I owe all imaginable deference, having rec- 
koned, that the quantities of the atmofphere of 
the natural bulk of the air, and the length of 
the tube, may be taken for abfolutely tru^.; I 
fhall no longer ftand out, but am even inclined 
to fuppofe with them, that theie magnitudes are 
true. 

On this footing the difference between the pro- 
du6t of the natural bulk of the air by the atmo- 
fphere, and the produft of the bulk when dilated 
by its load, will be the difference which we arc 
to fuppofe between the hypothefis and the expe- 
riment i though if my fentiment had obtained all 

diat 
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that could have been inferred therefrom is» that as 
thefe produAs are nearly equal, we have a flrong 
ipduoement to believe, that the hypothefis and 
the experiment do not vary from each other. 

XL On the vernal froths ^ or cuckow- 
. Jj^ittle, by M. Poupaft * ; tranflated by 
Mr. Chambers. 

In the fpring feafon, we find a fort of white 
frxKh, fticking indifierently to all kinds of plants. 
We denominate it vernal from the time of its 
appearance, which is always in the fpring, either 
fooner or later, as the feafon is mcM'e or iefs 
early. 

Several naturalifts have treated of this froth, 
without underftanding its caufe. Some will have 
it to be vapours, which, exhaling from certain 
^grounds by the warmth of the fpring, gather 
upon fuch plants as they meet withal. ■ The 

reafon they alledge, is, that we fometimes find a 
little fpot of ground where there is fcarce a plant 
without it ; tho' perhaps nothing of the kind fhall 
be found for 20 or 30 miles around ; which argues 
that all lands are not proper to produce fuch 
froths. 

Ifiiore Hifpalenfis takes them to be the cuckow's 
fpittle; an opinion which he probably enter- 
tained from their form, and the time of their ap- 
pearing and difappearing, which correfpond pret- 
ty nearly to thofe of the cuckow : add, that in 
its ^flight from one place to another, this bird 
makes a kind of rattling in its throat, as if it were 
going to fpit. 

Others imagine it to be the extravafiited juice 

•Jane 20, 1705. 
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ctf -plants 5 and Mouf^t will have it no other 
than a frothy dew. 

' Swumerdam of all the naturalifts has beft en* 
tcred into the rcafon of thefe froths. His doc- 
trine is, that the graflioppers yield them, at 
t\it\t mduth r and *tis true, they are the produce 
of thofe animals, tho' not at the pare be mentions. 
So that he only fpeaks by co^ijcfture. 

I could relate fcveral other opinions as to the 
nature of thefe froths ; but being all of them 
falfe, I Ihair dwell no longer upon them. The 
real cafe is as follows : In the fummer time, we 
find a diminutive kind of graflioppers, called by 
fome naturalifts flea -gr a/hopper s ^ from their 
jumping like fleas. Their hind legs do not 
reach above their backs, as thofe of all other grafs- 
hoppers do, but are always folded under the 
belly, like thofe of fleas. This enables them 
to jump very faft, by reafon there is no time loft 
between one jump and another. 

r have already obferved, in the Journal des 
Savans^ for Auguft r693, that this kind of grafs- 
hopper has a ftifF-poinced needle, or trunk, 

whereby it fucks the juices of plants. This 

bbfervation fuggefts fomething new, and curious ; 
in as much as this is the only fpecies of grafs- 
hoppers that has a trunk : all the refl:, hitherto 
known, have a mouth, lips, and teeth wherewith 
they devour herbs, and even the vine. 



Vos locuji^ 

Ne meas Udatis vites : funt enim t entree. 

Thefe fiea-grafhopperslay eggs ; from whence, 
in the infuing fpring, arife young ones, which 
remain for fome time inclofed in a fine mem- 
b;?ane. This membrane is no other than a maflc, 

with 
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with eyes, feet, wings and other organs, .which 
are the cafes of the like part$ qF the lictle.aiumal 
inclofed therein. When itiffqes from it$ egg,, it 
appears like a little whitifli worm, nobiggidc 
than the point of a needle. Some d^ys after it 
turns green, by means, as we may fuppofe, of 
the juices of the plants it is fed withal. . In this 
ftace it refembles a kind of little gjceetx frog, 
which creeps up trees, and for that reafon Is called 
rana arborea^ or the tree-frc^. The infeft, tho* 
wrapt up in its membrane, will' yet walk boldly* 
and at a good rate -, but does not leap, or fly tMl 
ir have put off its flcin^ 

As foon as it leaves its egg, it mounts upon a 
plant ; and clapping its anus thereto, depofices a 
little drop of white liquor, full of air. Qofe to 
this^ it drops a fecond, then a third ; and con- 
tinues after this rate, till it have involved or bu- 
ried itfelF in a thick froth, from whence ic never 
ftirs, till it be delivered from its membrane, and 
have attained its ftate of perfedion. 

To caft forth this froth, it makqs a kind of 
arch with half its body, the btlly being the con- 
vexity thereof. This done, it begins another 
arch, oppofite to the firft, whereof the belly, 
which was the convex, becomes the concave part i 
each time it makes this double compreflion, a 
little froth or bubble fprings from its anus, which 
it afterwards enlarges, by pufhing it this way 
and that with its feet. 

I placed feveralof thefe little gralhoppers upon 
"a young mint, and found that thofe leaves they 
caft their froth upon, did not grow or advance in 
the leaft, tho* thofe oppofite to them grew to'their 
natural fize. This (hews, that the infc(5t lives of 
the juice of the plant, while inclofed in the 
froth. 

The 
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The foyog gniftiopper being by means 1 
airiv^ at a certain bulk, ftrips off tes coaCyfl 
cover, which ic leaves in the fruch, and kap& a^] 
bout in the field. 

The frothy we fuppofc, may have fcrvcd toj 
defend it from the heat of the fun, which would j 
ocherwife dry and wither it up 1 it alfo prefervcf j 
them from the fpidcrs, which would fuck i% 
up, as I have fometimes found. 

The country people hold thefc froths a pro^ 
noftick of fine weather. But all the matter is, [ 
that they are only found when the weather is fine i ] 
il] weadier fpoiling and dcftroying them* 

XIL Pbihfophical experiments upon the reA 
fraBion of mu/quet~iails in water, and 
upon the refijiance of this fluids by M 
Carre *, tranjlated by Mr. Chambers, 

There being feveral perfons who doubt wbe* 
tber muflcet-balJs undergo any refra^Ion, that is, 
any change in the direftion of their motion when 
Ihot obliqucJy into the water, and I having affcr- 
ted it, as a known faft, in the hiftory of the 
academy for the year 1702, upon the authority 
of feveral former writers, I dcfired a friend, who 
has been fome time at his country -houfe, to ex- 
amine into the truth of it ; and the following ex- 
periments are the refuk of this requeft. 

Firft, I Ihot a mulket*fhot loaden %vith a ball 
once, and a fecond time into a (lone bafon full 
of water, 2 feet | In diameter, and 16 Inches deep 
the firft time under an angle of 20 degrees, and 
the fecond under an angle of Soj but I could nni 
perceive whether the balls underwent any change 
of direftion, by reafon of the gr^at etfon of 

• Jiilf lift 70 J. 
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the water againft the fides of the bafon, which' 
always dilplaced the piece of paft-board, which 
had lodged there for a mark. This effort is fo 
violent, that upon ihoocing three times into tubs 
of water, they were all inftantly burft -, and in 
particular it was always the lowefk hoops that (he 
¥rater made give way. To fatisfy myfelf that it 
was really the great motion and effort of the wa- 
ter that burfl the veflTels, and not the ball by paf- 
fingthro% I provided a fquare cheft' about a foot 
high, and \ a foot thick, the 4 boards whereof, 
which formed the length, were each an inch 
thick, and the two at the end, each 2 inches 
diick, that the others might be well faftened 
thereto, with ftorc of nails, then filling it with 
water by a little hole, I exploded my piece, up- 
on which the ball perforated the boards very ex- 
aftly without burfting them ; but the water was 
(hook fo violently, that it tore the boards from 
each other, and burft the cheft. 

Secondly, To make a more precifc experi- 
ment on the refraftion of a ball in water, J filkd 
a'ftone bafon therewith, whofe length on the in- 
fide was 3 feet, 3 inches, its breadth i foot, 8 
inches, and depth 1 foot, i inch, here reprefen-' 
ted by ABCD *. To the fide BD, I fattened a 
board to receive the balls, another board EF pre- 
cifely in the middle, and another CD upon the 
bottom to cover it intirely ; the boards were all 
ftrongly faftened, that the ftrokes of the ball 
might not (hake them. Over the fide CA, I 
fitted a piece of paftboard G A perpendicular to 
the horizon, and the mufquet HN was fixed 8 
feet from the bafon, upon exploding it the ball 
pierced the paftboard in K, and was found flat- 
ted like a Ihilling at M. I ftiot a fccond time, 

♦Plate V. Fig. 5. 

Vol. II. N^. 20. Q^q and 
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and foimrl the ball broke inco 3 pioSiilikl 
w^rc likowiii^ P.acre^!, wichcuc appearing takic 
fl-nirk .')p;<iirifl: the board Eh\ I fhactnobdi 
with a Wronger charge of powder ^ fane di| ' 
wrr«- nrirher of them to be found, dcher atd^l 
b^>frr,m or the bafon, or in die boards. 114 1 
hriiU w'^rr a y/A of an inch in diameter, andbafj 
m-Hrle on purpofc for the piece, filled itveryfl^ 1 

'f lurcily. To try anew the experiments of » 
fr.i/rion, 1 l'>cthoiight myfelf of a way togeta 
infip^hr ir.ro this Battening of the bails ; CD tkl 
furl,' f procured a refcrvoir 10 foot (quaie. a4 
fitted thcr.':in two boards parallel to the hari2l% 
and to each other, and about a foot apart, ds 
u^^pcr ore making the fame plane with the I» 
f^ce of the water, then fhooting two balls apoa 
this board r.nder an angle of 30 dcgrres, ani 
with an equal charge of powder ; the firft, wiA 
tUc piece ufed before, whofe barrel was 3 icxs^ 

2 in( hcfj i- long, and the bullet 3 lines ^ diameter; 
the fecond, with another piece, whole barrel was 

3 fret, 10 inches, 3 lines, and the bail 7 lines in 
diameter. Here rh2 large ball pierced the two 
boarc:=:, and conftxiuently traverfed the whole ex- 
tent of w/tcr !)ctwcen them -, whereas the fmall 
oncor;fy pierced the upper board, and was found 
quite fi-irtcd on the lower. 

Fourthly, But fo fatisfy myfelf whether there 
be rciilly a refradion, I made ufe of the ftone- 
baf(n"i, dcfcribed ubovr.', and prepared after the 
iiimc manner •, then fultenii-g my piece upon two 
refts one of them 5, and the other 7 feet di- 
l>ant from the bif(>n, I n;ii]ed it down, fo as to 
nial:c it remain in tlr: fimc fituation af:er the ex- 
plc;fi(;n, ;;s »)el(;i(:. Ii now made an angle cf20 
d([;rtcs v/illi the hori/cn, or the furfi.ce cf the 
3 water 
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'water in the bafon, and was charged with 3 pen- 
ny weights, 20 grains of powder, and a ball 
7 lines in diameter, weighing 17 penny weights, 
6 grains, (hooting it off, the ball, after piercing 
the paft-board in K, and the board EF in P ftuck 
in the point R, where I found it faft. Upon 
this, emptying the bafon, I drew a thread from 
the middle of the ball in R, thro* the holes P and 
K, to the middle of the mouth of the piece, and 
found that the thread paffed exaftly enough thro* 
the centres of all the holes. 

I repeated the fame experiment, by fetting the 
piece a little on one fide, that the ball might pals 
thro* a frefli place. The effeft was, that piercing 
the paft-board \ an inch from K, and the board 
EF I an inch from P, it fixed likewife \ an inch 
from R ; fo that rhe centres of the two balls 
wanted not a line of being in the fame parallel- 
lifm to the horizon •, hence it may be inferred, 
that if there be a refradlion, it is not fenfible. 

Being willing to try whether the ball of 7 lines 
diameter would be flattened by increafirig the 
charge of the piece, I ufed 7 penny weights 6 
grains of powder, and found accordingly the 
ball about M flattened on one fide ; it had ftruck 
the board EF flightly ; but this could not have 
occafioned ifs flattening, fince a ball will pierce 
3 or 4 boards without lofing much of its fphericity. 
Putting the famecharge of powder in the former- 
piece, I found the ball about M, cloven into 
two parts, each of them flatted unequally, tho' 
without having ever touched the board EF. 
Shooting a fecond time with half the charge of 
powder, the ball did not reach the board EF, 
nor loft any thing confiderable of its fphericity. 

Fifthly, To procure further fatisfaftion as tothe 

flatteningoftheballsjfpreadalinncn cloth parallelly 

Qq2 to 
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to the horizon, under two feet depth of water^ in 
a bafon 40 feet in diameter^ and 6 feet dtcp^ then 
charging my piece very high with powder, and 
loading it with a ball of 7 lines diameter, I dif- 
charged it againft the linnen, and found the ball 
flatted thereon, tho' very unequally, and of an ir- 
regular figure I then charging the piece anew 
Tyith f more powder, the ball divided itfelf into 
feveral little pieces, whereof I found five upon 
the linnen, moft of them about the bignefsofa 
lentile, but differently ihaped. 

I then fiiot another ball perpendicularly to the 
furface of the water, which was found flattened 
very regularly, being almofl: as round and flat as 
a fliilling j whereas all thole which had beenftiot 
obliquely had flattened irregularly. 

It may be proper to obferve, that in fhooting 
a bail into the water, it rifesor rears itfelf above 
the fame more or lefi, as the charge of powder 
is greater or lefs, and I have even feen it rife 20 ^J 
feer high. H 

It will not be very difficult to afllgo the caufe 
^ of thefe feveral elFefts, with regard to which I j 
mufl: obferve, that 4 penny weight of powder | 
drive the large ball of 7 lines a confiderable fpace 
in the water, without taking any thing from its 
fphericity i that with 8 penny weight of powder, 
it lofes i its fphericity; and with 12, the whole ; 
and laftly, with 16, breaks into feveral parts, , 

Reflexions upon the experiments above^ 
There are two things to be confidered in thcfc 
experiments, which I can warrant to have been 
made with great care and exsrdlnefs : the firft| 
that the ball Ihot in an angle of 20 degrees. 
changed nothing, at Icaft as to fenfe of the di J 
reft ion of their motion. The fecond, that thefe 

balls 
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balls when exploded with a great charge of pow- 
der^ turned flat as they entered the water. 

Firft, It Ihould feem at jft fight agreeably to 
the common notion of the refiftance of fluids, 
that a ball fhot into the water under an angle of 
20 degrees, or even a greater angle, ihould not. 
only i change its direftion but even rebound; 
for as the quantity of matter in all bodies is pro- 
portionable to their weight, and the rcfiftances of 
fluids are in ^the fame ratio as their denfities, and 
the denfity or weight of water is to that of air, 
as 800 or 850 to I, according to fome expe- 
rin^ents, or as 1 175 to i, according to thofe of 
the academy J^el Cimento ; the water mufl: make 
800 times more refiftance than air, and confe- 
quently diminifli the velocity of the ball by the 
fame quantity. Now 'tis eafy to (hew purfuantly 
to the reafoning of M. Defcartes^ and feveral 
others, that if the ball, upon meeting the water 

loofe half its velocity, it muft rebound. ^or 

fuppofe a circle * EXjD, whofe diameter EF re- 
prefents the feparation of the furfaces of air and 
water, and fuppofe the angle ACE to be 20 de- 
grees, whofe fine will be AB, and CB the fine 
of its complement, the ball now being driven 
from A to C, we may confider its motion as com- 
pofed of the vertical one AB, and the horizontal 
one BC, as CB therefore is much greater than 
half of CE. If the ball loft half its velocity up- 
on meeting the water, it Ihould of confequence 
rebound ; but experience (hews us, that it does 
not. 

It muft therefore be made appear, that the ball 
lofes fo little of its vertical motion, that it not 
only (hould not rebound, but (hould not evenlofe 
any thing fenfible of its former direftion. r- 

• Fig. 6.' 

In 
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In order hereto, we are to obferve, that 'tis when 
the ball enters the water that its direction is to 
be changed, and that its motion in AC, being 
compofed of a horizontal motion, equal to BQ 
and a perpendicular one, equal to AB, we are 
only to fconfider this latter, fincethe former makes 
no oppofition thereto ; and again, that this ball finds 
no more refiftance on one fide than on the other, 
till fuch time as half its magnitude v& immerged 
under water ; for which reafon, if the bulk of 
water, whofe place it poffeffes, were equal in 
weight to half the ball, as would be the cafe, if 
the ball were fliot into melted lead, 'tis evident 
the ball would lofe near half its velocity ; but it 
being only water that oppofes its motion, and 
the weight of lead being to that of water, as 
12 to 1, if in meeting with the bulk of water 
equal to its own, it muft only lofe ,4 part of its 
motion, fince, as already obfcrved, the refiftances 
of fluid bodies to their being feparated are in the 
ratio of their denfities, or weights : but as her^ 
we have only half to confider; the ball muft 
only lofe 2\ part of its vertical motion ; that is, 
a 24th part of AB, which being but a fmall 
matter, the change of diredtion muft neceffarily 
be infenfible. If it be alledged, that this 24th 
part (hould be confiderable enough to be per- 
ceived, by reafon it muft be referred to this, that 
thti ball has two boards and a paft-board to pierce, 
which may occafion fome little alteration in its 
morion, perhaps the motion of gravity of the 
ball might likevvife be confidered, which has a 
tendency to carry it direAly downwards, ;;nd con- 
fc*quen:]y to prevent its change of determination 
from being ftnfible ; but the great velocity of 
the ball, and the little fpace it paffes, muft 
render this next to nothing. 'Tis otherwife how- 
ever 
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ever with the rays of light, by reafon of their 
paffage from air to water, or other tranfparent 
mediums. There is no proper local motion, 
but only certain inequalities of prcflion, or re- 
fiftance, in the different mediums, as has been 
ejcplained elfewhere ; fo that this does not hin- 
der us from concluding, that the rays of light 
always pais more eafily into the denieft mediums, 
. and that 'tis on this account they approach to* 
wards the perpendicular. 

It mull be obferved however, that if a ball 
be fhot very obliquely, fo that the angle of in- 
cidence only contains a few degrees, its horizontal 
motion being now very great with regard to the 
vertical one, it may meet fuch a multitude of 
particles of water at the fame time, as may pre- 
vent its entering, and oblige it to rebound ; and 
fuch is the cafe, when we make what the boys 
call ducks and drakes. 

The fecond thing to be confidered in thefe ex- 
periments, is the flattening of the balls upoa 
meeting the water; and at firft fight, it may feenv 
furprifing, that a fluid body, fuch as water, 
which yields and divides fo readily, (hould make 
a refiflance like a folid body ; but if the great 
velocity of the ball be confidered, 'twill appear 
poffible for it to meet fuch a quantity of par- 
ticles of water at the fame time, as that their re- 
fiftance fhall be equivalent to that of a hard 
body, and turn it flat. In drawing the hand with 
fome velocity thro' the water, we find a certain 
refiftance ; and if it be drawn with twice the ve- 
locity, the refiftance will be fourfold, fince we 
have twice the number of particles to move in 
the fame time with a double velocity ; and if 
the fame hand be drawn with thrice the fwifcnefs, 
the refiftance will be 9 times greater j fo that the 

refiftances 
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refiftanccs increafe in the ratio of the iquares of 
the velocities. Hence the velocity of the hand 
may be fo great, as that the particles of water ic 
meets in any given time may afibrd it a rc- 
liftance equal to that of a hard body ; in efieft, 
if the hand be ftretched parallelly to the furface of 
the water, and ftruck with nimblenefs againft 
this furface, the refiftance will be fo great as to 
be painful, and I remember, that beating the 
water ftrongly one day with a ftick, it broke in 
my hand. 

From hence 'tis eafy to account for the fiaf- 
tening of mufquet-balls (hot into water, and^wbat 
confirms the theory is, that the higher the piece 
is charged, the more flattened are the balls found; 
for that having a greater velocity, they meet more 

particles of water in the iame time. And 

hence we may account why an end of a candle 
being loaded in a fowling-piece will pierce a thick 
plank of wood. 

XIII. j4 comparifon between our obfervatiom 
on the barometer^ and thofe made by F. 
Sebaftien Truchet, by A/. Maraldi *. 

Among the obfervations on the barometer* 
which F. Sebajlien laft related to the academy, 
we have chiefly confidered thofe which he made 
at Clermont^ and on the fummit of Mount d'Or^ 
the highefl: mountain in Auvergne ; the perpen- 
dicular height of which, we determined above 
the furface of the ft-a by the angles, of the meri- 
dian, but could not make the barometrical experi- 
ment upon it, it being at that time covered 
with fnow. 

* h^y S> 17^)5. 

This 
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This year 1705, Jum 8, at 4 in the after- 
son, F, Sebaftiin obftrved on the fummtt of 
Mmn^ d'Or, that the quickfilvcr in the barome- 
ter was fufpended at 22 inches, 2 lines. 

The fame day at noon, we found the height of 
quickfilver at the obfervatory 27 inches, 9 lines i, 
and at 7^ 24' in the evening, it was 27 inches, 
9 lines ^y having encreafed but ^ of a line fince 
noon. 

Between the 22 inches, 2 lines height of quick* 

filver obferved at Mmm d^Or^ and the 27 inches* 

9 lines ^, obferved at Paris^ the difference is 5 

k inches, 7 lines ^, which the quickfilver at the 

' obfervatory kept higher than at the top o( Mount 

^Or. Wc have found by our experiments, tliat 

the quickfilver on the lea fliore is commonly 4 

lines i higher than at the obfervatory. The 

quickfilver was therefore 5 inches* 1 1 lines | 

I lower on the mountain, than it would have beefi 

at the fame time on the fea-fliore. 

In the memoirs of the academy of 1703, we 
faid the perpendicular height of Mount a*Or a*- 
bove the furface of the fea was lOjo toifcs : but 
M* Caffixi the ion, by a more exaft calculation, 
found it afterwards to be 14 toifes higher j lb 
that its perpendicular height above the furface of 
the fea will be 1047 toifes, to which we have 
found as above, that a variation anfwcrs of 5 in- 
ches, 1 1 lines f in the height of the quickfilver. 

By the progreffion founded on the experiments 
related in the memoirs of the academy for the 
year 1 703, the quickfilver fliould, to this, height 
of Mmnt (tOfy fink 5 incheSj 7 lines, which is 
4 lines lefs than by the obfervation. 

M* de la Hire has communicated to us the 
obfervations which he made the fame days on 
the barometer : and tho* his barometer and ours 
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are on che feme floor of the obfervatory, yet 
thefe obfer^ations fometimcs differ a Itttk; whe* 
ther it proceeds from their having been made at 
different bonus of the day, or from any odwj 
caufe. 

By M df la Ihr^ obfervaiion yune 8, at fl 
after 5 in the morning* the height of the baro^l 
nicler was 27 inches, 8 lines f. If this obferva-l 
tion is compared with F. S^bafti€n\ in tfael 
ftme manner as we did ours, there will be foyndj 
between the level of the fea and Mount a^Or^ a ' 
variation of 5 inches, ic lines f in the height 
of the barometer, which agrees within 3 lincfd 
with what is given by the progreffion. 

F. Seba^im made another obiervation with ihc 
barometer at Clermmi^ near the convent of the 
jkf/nmij, which is that part of the city where M, 
PerkTy in the year 1641, made his experimcnl| 
on the barometer^ the fame day whereon he car*| 
ried it on Puy de Dmnms to find the variation' 
of the barometer, which anfwcrs to thefe two 
heights. 

June 10th, at 6 in tlie evening, F, Setsfiim 
found the height of the quick filvcr at Cktmont^ 
CO be 26 inches, 6 lines. At PBris^ by obferva- 
tions made before and after, it was 27 inches, 10 j 
lines high< 

Therefore the diffemnce of the quickfiivcr be-" 
tween Clermcnt and Paris was i incite 4 lijicf- 

We have faid above, that between Paris and 
the level of the fea, there is in the height of the' 
quickfilver a variation of 4 inches |* 
, Between Ckmwni dieretbre and the fur&oe of 
the fca, there muft then hav^e been 1 inch^ 8 
lines |, 

By M. Peri€r% obfervations made i 1 1641 be* 
twcen the convent of the Mtnims^ and the top of 
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Puy deDommiy there was a variation of 3 inches* 
I line i in the height of the quickfilver. 
. Froni the level of the Tea to the fummit of 
Pny de Domm^ there muft* according to theic 
diffitrtnt obfervations, be in the height of the 
quickfilver a variation gf 4 inches, 9 lines f , 
which anfwers to 810 toifes perpendicular height, 
from the fummit of Puy de Domme to the level 
of die iea. By the pfogrellion fettled in the me- 
ntioirs, 55 lines \ variacioo of quickfilver agrees 
ixdth this height* which is but two lines different 
from' the obfervation. 

But by M. d$ la Hirers obfervation made on 
the fame day June io» the barometer was 27 in- 
ches, 8 lines high ; and making the fame re- 
du&tons and comparifpns, as in the preceding 
obfervation, there will be between the fea fhore, 
and the fummit of Pt^ de Domme^ a variation d[ 
55 j in the height of the auickfilver, as taken 
from the progref&on fettled m the memoirs. 

XIV. Remarks on fome experiments made 
mtb fever al barometers^ and on the light 
made by one of them ^ which was agitated 
vertically^ by M. de la Hire thefon *. 

We have two barometers in the obfervatorv 5 
one of which has a tube of i line | infide dia- 
meter, and is 36 inches | in height ; and con- 
fequently when the quickfilver is at 28 inches, 
there remains 8| void. It is this which we com* 
monly make ufe of. The other is 2 lines inlide 
diameter, and 32 inches;; in height, and confe- 
quently there is but 4 inches \ remaining above 
the 28 inches. It was this barometer M. Picard 

* Aug. 12, i705« 

R r 2 made 
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made ufc of, and which was the firft whertin a 
light was obfervcd, by agitating k verdcaJly. 
It ftill continues to give as ufual a very g^t ■ 
one : the other gave none, though filled widi^^ 
the fame quickfilver •> this is moft certain, for k ^ 
was very often looked upon. Yet within thcfc , 
few days having been agitated, it was fcen to^ 
give almoft as much light as the other. ^^ 

1 his barometer of M* Pkard*$ was empcitid 
and filled many times without any precaution to 
cleanfe the quickfilver and the tube ^ yet it al* 
ways gave the fame light as at firft. But we ob- 
fervcd, that though this light was very lively, 
lb as to be feen at candle-light and moon*lightt i 
by expofing the tube to it: yet if in the day- 
time a room was fliut exaftly clofe> fo that it 
was quite dark, and the barometer a Hctlc time 
after was therein agitated, no light thereof was 
to be fc^en, which made us at firft imagine, chat it ^ 
gave no light in the day-time: but endeavouring to " 
be more certain of this experiment, we continued 
in the room, where it gave no light for above a 
quarter of an hour *, and then agitating the baro- 
meter, which during that time we had put in the 
fun» we faw its light as great as in the njg^t* 
This laft experiment deftroyed the imagination 
we had concs^ived, and gave: us to underftand* 
that the retina requires a confiderable time to 
lofe that vibraiiun, which is caufed in it by 
light of the fun. 

The height of the quickfilver in thefe two I 
rometers differs always 3 lines f, which M* P;- -j 
card^s is higher. We have lately made anothcr.^| 
The quickfilver was ftrained through a fine clean ^^ 
jinnen, and the rube, which was of 3 lines dia- 
mtitr^ and 35 inches long, was well cleanfoij 
with fpirit ot wine, and afterwards throughly] 
3 wip^dl 
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^nctped with very dry Hnnen drawn through it ; 
anJS after having very carefully filled it, that no 
vifible bubble of air might be left therein, we ob- 
fervcd, that the qukkfilver kept at 1 line f lower 
than in M, Pkardh baromccer, and very near 
the fame quantity higher than in the other. 

But in trying this barometer, we obferved 
that after having filled the tube with quickfilver, 
and evacuated all the air, and dipped the open 
end of it when flopped with a finger into the 
quickfilver, the tube being at firft very much 
inclined J when it was raifed, and the void be- 
gan to appear above, fome alnioft imperceptible 
little bubbles of air were difccrned, which fuddenly 
became as big as little peafe, and entered into 
the vacuum \ fome of them being confined be- 
tween the quickfilvcr and the tube, and others 
fecming to come out of the quickfilver^ and per- 
forming the fame efFcft as if it was boiling. 
We alfo obferved, that thefe bubbles which 
came out of the quickGlver by raifing the rube, 
when they became a little bigj difappcared by 
lowering of it, and feenied to re-enter into the 
body of the quickfilver ; for on that pare where 
they difappeared, nothing was to be feen againfl 
the tube. This barometer when agitated gave 
no light. 

There is no queftion but that all thefe bubbles, 
as well thofe confined between the quickfilver 
and the tube^ as thofe which feemed to come 
out of the quickfilver, were little particles of 
air enclofed and confined therein, which being 
then difl>urthened from all the weight of the at* 
mofphere, and from the height of th^ quick- 
filver, which compreflcd them in the tube when 
the open end was above, occupy a very great 
bulkj with rcipcft to that which they before oc- 
cupied \ 



310 TheKuTQKvandMEMoimqfti 

cupied I aad it is certain^ that the more flendct 
and the longer the tube is above 28 ioches^ the 
more of thcfe bubbles will efcape into that fpica 
which the quickfilver quits ; all the quickfilvtri 
which occupied that place having there purged 
itfelf from the air. Therefore it will appear*, 
that tubes muft be taken of a length proportioned 
to the places where the barometers are to be put, 
and they are to be left but one inch above the' 
greareft height of the quickfilver in the place they 
are in, and chat they be about 3 lines in diame** 
ter, rather nwrc than Icls, and the qaidcElver 
well purged from the air. With thefe precau- 
tions, I think, barometers may be made as ex- 
§£k as poffible. 

We now make no longer doubt but tl ^^ [lir 
barometerj which we commonly make ulc 01, 
whofc tube is (lender and too long above the %i 
inches, has many of thefe particles of air con- 
fined in the quickfilver, and between the quick 
filverand theglafs, which being difengagcd wheal 
it is tried, have occupied a confiderable pi; 
the top of the tube, and that this is the 
caufe why the quickfilver therein is lower than ifi^ 
thole which are larger and ihorter, wherein the 
bubbles, when dilated, have notfo fenfible an cf- 
icit ; from the reafons above-mentioned. 

It muft be obierved, that thofe circumftances 
which were thought necelTary to make baromettis 
luminous, feem, by what we have now faid, to 
be dtftroyed. 
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'Xy. On the height of the qukkfilver in the 
harotneters^ by M* Amontons -f*. 

This experiment is of great confequence; for 
% lays us under the necefBty of examining over 
agam all the obfervations made on the barometer 
CO this day. 

It has hitherto been thought, that the height 
of the quickfilver in barometers was always vifibly 
the &me in the fame place, and it was far from 
being imagined, that, with glafles very near a* 
like filled with the fame care, and the fame quick- 
fihrer, the heights of this quickfilver fhould differ 
from one another in the fame place, and at the 
fiine time, i8 lines, or thereabouts. Yet this is 
what I fhall make appear to the company, after 
having obferved that one principal reafon, which 
may have hindered this phcsnomenon from being 
perceived, is, that moft of thofe who conftrutt 
baronieters, have unfortunately negleded to place 
thereon fuch graduations, as truly exprefs the 
heights of the quickfilver, and have almoft al- 
"ways in the room of thefe fubftituted arbitrary 
gmduatioQS, v/hich bear no relation to the hei^its 
ijf the quickfilver ; occafioned, without doubt, 
from a true fenfe of the difficulty there is in 
making thefe forts of inftruments uniform, and 
that it would enhance the price, and leflen the 
fale of them. Thus interefl is frequently an pb- 
.ftacle to the difcovery of truth. 

It appears, therefore, that it was not without 
great reafon, that in my barometers I rejefted 
thefe kind of arbitrary graduations, being fully 
perfuaded, that it is impoffible to make a profi- 
table ufc of barometers by exafl: obfervations, if 
t Aug. 14, 1705. 

the 
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the degrees are not divided into parte, whici 
cxprefs the inches and lines of the height of th« 
quickfiker mth which they are filled ; and al(a^^ 
if they are not regulated by the fame barometeTii 
which Ihould be as a ftahdard and rule for ihem^ 
without which all muft be uncertain^ and lead t€ 



error. 



Seeking the reafon of th^fbmmmenm which 
relate; it is difficult to avoid attributing it to 
the inequality of the pores of different glaffis 
which give more or Icfs paflagc to the particl 
of air, according as they are mom or lefs openj 
which fecmed the more likely to me, being cer-i 
tain, that the glaffesof the two tubes, with whic 
I m^dc this experiment, are different in quality. 
; We owe this difcovery to the lord chancellor^ 
He has a fimpJe barometer mounted in che Eng' 
/{/& manner, that is, one ofthofe which has two 
little copper-plates, on which are marked the 
different difpofitions which may happen in die 
air, as fair^ changeable, rain, t^c. 

My lord chancellor had, for a conGdcrable 
time, experienced with fatisfiftion the indicationfl 
of his barometer J but at lall it being out of or-J 
dcr, he applied to M, Homhrg^ vfho mended J 
it for him< Since when the variations of this ha-, 
rometer have ahvays been in the lower pans 
the copper-plates, tliat is, in thofe parts which 
indicated nothing but rain, wind, and (lorms 
My lord chancellor obferving nothing like thi! 
in the dtrpofuion of the air, fent for me to ex- 
amine his barometen The firft thing I did, was 
to fee by inclining it, whether the vacuum was 
well made ; and having found it as well as poffh 
blc, and that the quickOIver had all the freedon 
pf motion which could be defircd, I anfwtrtd 
my lord, that I faw nothing could hinder its h.iv-1 
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ing efFeft. He then explained to me what he had 
obferved in the manner I have mentioned i and 
I begged leave of him, that I might carry his 
barometer honje with me to examine it at more 
leifure, which he granted. I meafured, as foon 
as poffible, the height of the quickfilvcr, and 
finding it only 26 inches, 6 lines, while 3 other 
glafles which were in ufe, and In which the 
vacuum was npt even fo perfeA as in that, were 
At ^8 inches, I at fkll thought this might pro- 
coed from die quickfilver, which had perhaps 
a more than ordinary weight ; which made mc 
immediately take the barometer to pieces, and 
liaving filled one of my tubes with this very 
xjuickulver, it flopped at 28 inches, as in the 3 
others which were in ufe. I then filled the glafs 
of the barometer with other quickfilver, but it 
*«lirays flopped at 26 inches, 6 lines ; which gave 
-flfie Chen no room to doubt, and I knew that this 
effedt could only proceed from the glafs. I then 
changed this glafs, and put another into the ba- 
rometer: and in chis new gla6 the quickfilver 
kept up 1 8 lines higher than in that which 1 had 
•taken away; fo that as the barometer played 
tefore in the lower part of the copper-plates, it 
would now have played in the upper parts, had 
I not raifed the plates about 4 or 5 lines \ and 
my lord flill thinks, they ought to be r^iibd 
3)igHer : whence it may be fuppofed, that the 
-glafs which I took away, was not that which 
was at firft there, in which the vacuum was pro- 
bably made of a mean height of what is obfer- 
ved in thefe. 
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XVI. yi continuation of the obfervatitms on 
the height of the quickjiher in the baro^ 
meters^ by M. Amontons *. 

Infpcding the glafe of my lord chanceUor's 
barometer, having gueiTed that it was bought of 
fieur Deville enameller, I : went to find him 
when I left the academy ; having alked him, he 
faid it was fo. I caiifed him to make me four 
others ; that is, two of the fame glafs, and two 
of another fort of glafe ; when I had filled all of 
them with quickfilvcr, and alio thofe two which 
I had made ufe of in the experiment at' the 
academy, the quickfilver flopped at different 
heights in them all. 

The greateft height was 28 inches. 

The fecond, half a line left. This was that 
glafs of the academy wherein the quickfilver re- 
mained higheft. 

The third, one line f lefs. 

The fourth, feven lines lefs. 

The fifth, feven lines | lefs. 

The fixth, ten lines lefs. This was the glafs 
wherein the quickfilver at the academy remained 
kloWeft. 

So that the difference in die fecond height, 
which, in the morning, I had found to be 
18 lines, and in the afternoon,. at the academy 
more than 19 lines, was at | an hour after 8 in 
the evening but 9 lines. 

I left all thefe glafles in trial, and the next day 
found them of the fame heights. But this great 
difference of 18 lines, which I now found to be 
only 9 lines puzzled me. As nothing to my 
knowledge. hadhappened to the quickfilver, ex- 
• Aug. 19, 1705. 

cept 
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cept that it had been much hanidled, I judged, 
that perhaps the dirt and moifture of the hands 
might partly have flopped the pores of this glafs. 
I therefore emptied out the quickfilver to wafh 
the outfide, and fcour it as well as I could with 
fpirit of wine : but after having done this, and 
filled the glafs again with its own quickfilver, I 
found this difference ftill diminlflied i line I, 
which made me refolve to meddle no more with ir. 
I have left it ever fince, and it has only varied like 
ail others, that is, it has fallen about 2 or 3 
Jines. 

As all this is very unaccountable ; in order to 
endeavour to give Ibme light into a thing wherein 
there is fo little, with deference to the opinion of 
the company, mine would be to choofe among a 
number of glafles, thofe which being filled with 
quickfilver give heights of fenfible difference 
from one another, and apply them all to the 
Tame graduation ; or, which is the fame thing, 
on the fame vertical plane, at the bottom of 
-which fhould be a kind of common trough, full 
of quickfilver, in which they muft all dip. 
"Above this trough, ' beginning at the furface of 
the quickfilver, fhould be 29 or 30 parallel 
lines drawn from inch to inch : the 4 or 5 laft 
Ihould be fubdivided from line to line by other 
parallels. 

Ii would be alfo convenient to add to all thefc 
glafTes another of equal length, but uniform from 
one end to the other, fealed hermetically at each 
end, in which fhould be about 28 inches of 
quickfilver; and in the empty fpace thick air. 

This tube would ferve to fhow the effeft of 
heat on' the quickfilver, and whenever the quick- 
fiivisr in the other glalTes has no other motion but 
wi^t is equal to this, there fhould be no regard 
V. * S f 2 had 
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had CO them, as not being . an tffeA of the 
weight of the atmofphere. Such a tube, by 
rights, ihould for the future accompany all lim- 
p!e barometers. 

This whole machbe confhtifted in this tnan*- 
ner, ought to be carefully obfen/^ed for a confi* 
derable 'time, and thereby a oirtaincy might be 
gained. 

ift. Whether the variations happen in all the 
glaiTes at the fame time. 
•. 2dly, Whether they are equal in all ctf themt 
or whether they are not rather proportionaUe to 
the heights of the quickfilver^ with which eadt 
4glafs is filled $ which feems very likely, if it b 
true, that the pores of the glais give way to the 
parts of air, which are fmall enough for that. 

XVII. 'j4 conttnuation of the obfervations on 
the height of the quickfiher in the baro-^ 
meters^ by M. Amontons -f-. 

M. Homberg having informed us, that he had 
wafhed the tube of the lord chancellor's baro- 
meter with fpirit of wine, it occafioned fome 
to fufpeft this might be the caufe why the quick- 
filver in this tube remained lower than in the o- 
thers ; which feemed tome fo much the more 
probable, as I recollcdcd, that when I firft ex^ 
amined this barometer, the little refleftion of 
light, which the bending at the top of the quick- 
filver commonly makes, appeared to me more 
obfcure than ufual -, this being occafioned, as I 
now imagine, from a little of the fpirit of wine 
remaining in the tube. 

f Aug. 22, 1705. 

That 
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That which hindered me from perceiving k» 
was, ^ * 

id. That the quickiilver feemed to mc vtrf 
clear through the whole length oh the glafs^ withr 
out any iitcle bubbles of ah* fuch as are ufuallf 
formed when the tube is not very dry* 
. sdiy, Becaufe havings as I have aJveady faid^ 
held the barometer Hoping, I found the vacuum 
as well made, as in thofe glafies which are filled 
in the bed manner. 

And alfo this great difference which I at firfl: 
found in the heights of the quickiilver of this 
barometer, from that of my other glaflcs, and 
which diminiifacd by degrees, as I emptied and 
£iled again this tube, feemed to me a cmfirma^ 
tion of the fa£t, it being impoffihle this tSkSt 
ifaould be any other than a confequence of the 
diffipation of that little fpirit of wine. 

In fhort, to be convinced and fatisfy what had 
been refolved, I waflied the infide of this tube 
with fpirit of wine, rubbing it pretty hard with a 
litde cotton fattened to the end of a brafs wire -5 
then letting it drain a whole night (which feemed 
to me long enough, confidering how eafily fpirit 
of wine is known to evaporate) I filled it with 
quickfilver, together with the other tube, in 
which the quickiilver had always kept very higll, 
which I did not clean, though it appeared vq|f 
foul. After which I really found there was the 
19 lines height of quickfiiver difference betw^fti 
thefe two glaflfes, which I had found at the act* 
demy, and the little edge of the qukkfitver ob- 
fcured. 

Though hereby the fail feems to be fbfficiently 
cleared -, yet the difficulty of e>cpkining the caufc 
thereof fubfifts. For in (hort, it no wayis ap- 
pears, that this fpirit of wine fbould be reduced 

into 
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into air, as might be imagined ; for this air fflufl: 
have had the ftrength of a fpring, equal to 19 
lines of quickfilver, and the glafs being put into 
a horizontal (ituation, this air would alio have 
occupied therein near 5 lines, whereas nothing of 
this is even now to be feen ; yet the tube makes 
an angle of about 45 degrees with the horizon, 
or thereabouts. 

. Befides the new tubes, wherein the quickfilver 
kept 6 or 7 lines lower in fome than in others, and 
whofe difference diminifhes aifo by degrees a^ 
diey arc emptied and filled again with the quick* 
filver, without, any reafon to fufpeft that they 
ever had any fpirit of wine in them, gives room 
to imagine that the fpirit of wine occafions a lels 
height > in the quickfilver, only by making the 
glafs ckaner, and preventing the quickfilver from 
fouling the infide of the tube, which perhaps 
ftops part of the pores of the glafs. ' But why in 
barometers, which have been Jong mounted, this 
filth does not continue to ftop intirely thefe pores, 
.is what cannot eafily be accounted for ? 

It is true, that this obflruftion oi the pores of 
the glafs, feems to be made only in proportion, 
as thefe glafTes are emptied and filled again wich 
quickfilver -, and perhaps one and tlie fame glafs 
|bas not often enough been emptied aad filled a- 
^in for this to be perceived. 
r However it is, it'flill appears difficult to ex- 
Wain the phaenomenon in queftion, except by 
iT^jppofing that there palTcs a greater quantity of 
|the leafl particles of air through thofe glaflcs, 
: whofe pores are moft open and lefs incumbered, 
• as I have already faid in my firlt obfcrvations, 
and that perhaps more confidcrabic dilfcrences 
would be found, if tubes were ufed which were 
made of a matter different from glafs. 

XVIII. 
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XVIII. Experiments on the capillary tubes^ 
by M. Carre *; tranjlated by Mr. Cham- 
bers. 

Moft modern authors, who fpeak of the weight 
and fpring of he air, take notice of the experi- 
ments made with capillary tubes, and endeavour 
to explain why water rifes therein far above its 
level ; and the farther as the diameter of the ca- 
pillary tube is fmaller, the opinions are very 
much divided hereon : Some will have this afcent 
owing to the preflure of the atmofphere, being 
greater on the furrounding water, than withia 
the tube ; others account for it from the air in 
the tube, not being at liberty to move and aO: 
with all the force of its fpring againft the water 
rjfing therein •, others hold, that it is occafioned 
by the water's .moiftening the infide of the tube 
adhering thereto, and being in fome mcafuiie 
fuftained thereby ; fo that the lateral columns of 
the water, which furrounds the tube, having 
more force, that is, relative weight, than the 
columns of water in the tube oblige them to aC- 

cend. : But in phyfical matters, it being 

experiment alone that is to decide. I have been 
induced, on account of the great number of <3b- 
lebrated authors, which have fpoken hereof, |o 
make ftveral experiments on this head, and the 
generality of them in confort with M. Geoffroy.% 

I ft. We took 3 capillary tubes, the largeft 
whereof was j of a line in diameter ; the 2d, \ 
of a line, and the fmalleft, ^o. Thefe we 
plunged in water, and to wet them the better, 
paffed fome of it quite through them ; then put- 
ting them in a vertical fituation, the water role 
' • Aug. 22, 1705. 

2 above 



above its kvrl in tbc ift ; lo lines tn the zd; an 
iich I, aod 2 iDchcs ^ in the fmallcft. 

ITjco taking che 3 tubes, we ftoppcd 00c erf 
their aids with a piece of wax^ and fafteaiDg 
them one afcer anoihef to the fcalc of a voy nice 
tkalanoe, kttiag the open end 'dip in a meflel of I 
witer urnkmcadi, md hatrir^ ditpofed them thus, 
^we put them in perfc<?t cquilibriom. The piece of | 
iraxac the upper orifice, wis intended to prevent 
tbe water frcxn entering them that way, and was 1 
remowd when the tubes were baliiaced and laid m 
ihe fcale with the tube, to prevent any alteratioo 
in the equilibrium ; immediately whereupoo the 
water rofe in the tubes^ to the heights abore fpc- 
cificd. Now I argued before the experiments^ 
that if the water rofe tn the tubes by an uitequaJ 
preffure of the air, the equilibrjom would re- 
rriain the fame after as before j but if the af- 
cent were owing to the water's moHlcniEig and I 
-ftkking to the fides of the tubes, the water dmj 
adhcringi mull: be confidered as a little wet|^ 
:liiperadded ^ the tube, and confequently the] 
cquitibrioni would be deft royed< 

The event was, that the water, as it rofe in the ] 
Jittle tube, made no alteration in the equilibrium, j 
but that the cquitibrium was broke, as it role op] 
the middle tube, andftiU more fo in the Jarge tube! 
where the fcalc with the tube invifibly defcended, 
^ *— — Hence it fliould feem, after the tieafooipgl 
above- mentioned, that the ciufe why the waier 
afcended in the tubes, was its flicking to their 
infides, and that the queftion was decided 1 bot] 
refleding, that when one of the ends is dofedl 
with wax, the tube and the air within it^ may beJ 
conceived as one finglc body, whofc bulk til 
lighter than that of the water ^ whole place it! 
poffeffes^ and confequendy muft retmio in the 

faiBe 
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lame equilibrium ; but that the tube being after- 
wards unftopped, and the air thus fet at liberty to 
come forth, and the water to enter, we are hence- 
forth only to confider the proper matter of the 
cube, whofe bulk is heavier than an equal bulk 
of water •, fo that this caufe alone muft deftroy 
the equilibrium, and therefore nothing can be 
determined from thefe experiments, as to the 
real caufe why water afcends in capillary tubes. 

Taking the largeft tube, and immerging it Bril 
in fpirit of wine, the liquor rofe therein about 3 
lines i above its level, and plunging it a fecond 

time, it rofe 4 lines. Then immerging the 

fame tube in common water, it rofe 5 lines ^ ; 
and immerging it a fecond time, 7 lines ^ ; the 

third time, it rofe 10 lines. Immerging it 

next in oil of turpentine, the liquor rofe 4 lines 
above its level ; then immerging the fame tube 
thus moiftened with oil of turpentine, after firft 
pafling fpirit of wine through it to cleanfe it in 
fpirit of wine, that liquor did not rife fo high a^ 
the level of what was in the vcfiel, the reafon 
whereof was apparently owing to a little drop of 
the liquor adhering to the infide of the tube. — 
The tube hereupon was immerged in oil of tartar 
per deliquium, which rofe upwards of 5 lines a- 
fx>ve the level 5 and being immerged a fecond 
time, it rofe 6 lines. — — It was immierged in 

'^irit of nitre, which rqfe 4 lines. Then in 

oil of olives, which rofe 5 lines, the tubes where- 
withal thefe experiments were made being 12 in- 
ches I long. 

Another was then taken of the fame diameter 
. 9 inches i long, which being immerged in com- 
mon water, the fluid rofe, as in the former, about 
ID lines above its level ; immerging it then in 
fpirit of wine, it rofe 4 lines. — Whence it ap- 

VoL.II. N9 2I. Tt pears. 
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pears, that the difFerenc length of the tube makes 

no difference in the afcent of the fluid. 

Immerging this tube in mercury, it refted be- 
low the level, and immerging one of the fmallrft 
lize, the mercury had no vifible rife. 

Immerging another tube* 15 inches long ^ et 
a line in diameter, the fpii it of wine rofe therein 
about 12 lines. Immerging it in common wa- 
ter, it rofc 2 inches, 5 lines. 

Another tube, 5 inches long, and of the fame 

di;imeter as the former, being immerged in fpirit 

»of wine, the liquor rofe like wife near 12 lines-, 

I and when immerged in common w^ter, rofe z in- 

I ches 3 lines |, A litite piece of a capillary 

tube being immerged in water, ic role to the top 
thereof, and there flood. 

It appears from all thefe experiments, that com- 
, mon water always rifes the highdt, tho* we fee 
I BOthing deducible herefrom, which may give any 
light into the difficulty in queftion -, for as fpirituoui 
liquors are lighcer than water, if their aficent a?- 
I bove the level arofe from the unequal preflbre of 
the air, thofe liquors fhould rile higher than wa- 
ter \ the contrary of which is found ; add that m 
they are more fubtile, they fhould moiften the 
parieres of the tubes move readily, and confe- 
Ijquendy adhere more plentifully, which would 
I alfo occafion them to rile hijiher. 

jdly, I immerged a capillary tube in a veflcl 
[of warer, which rofc therein 3 or 4 inches above 
[its level. In tiiis ft ate I (ufpended the capillary 
[tube, and put the whole under the receiver of an 
pir-pump; realbning thus, if it be the unequal 
prelfure of the air that occafions the water 10 af- 
oend ill this capillary tube, when the air is ex- 
haufted from the receiver, the water muft de- 
fend and rtturn to a level with that around it ; 

hut 
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fant if adfaciion be > the caufe, nt> akeratian muft 
cnfae.— The event hdwcver proved contrary ta 
this rcafoning; for; after th6 air was exhaofted, 
then^TaDer was fo far from defbendhig in the tube, 
that it rofe upwards of z line higher. The lea- 
fon whereof may Mt be far to feek ; for wa« 
cer being full of a mukkude of particles of air,' 
wiieh its fpring is no hsiger bent by the preffiim^ 
of the upper air, it muft neceflarily dilate^.and 
aiiflgmtnt the bulk of water. To be the better 
^bred of this augmentatioa of bulk, I put the 
capillary tube in another tube, { an inch in dia« 
meter, which I had. filled with wat^r,and marked 
the height thereof wkh ink, then exhaufting the 
air, the water vifibiy rofe above its mark ; 
whence it may be inferred, that there are particles 
enough of air in water to make it fulceptible of 
Jome condenfation. 

4thly, But the following experiments determine 
the queftion, and feem ro leave beyond all doubt, 
that *cis by the near adhefion of fluids to the in- 
fides of tubes, that makes them rife above their 
level ; fo that the other caufes alledged by feve- 
ral authors have no (hare therein. — I run a drop 
of tallow into a capillary tube melting it to fuch a 
degree, till the layer of tallow was extremely 
thin upon the infide of the tube, for fear of flop- 
ping it up, then immerging it in water, the 
fluid only rofe in the tube to a level, with the 0- 
thcr water around it. 

This fingli experiment (hews, that the une- 
qual preflure of the air is a fiiftion ; for indeed 
how can fuch inequality be conceived, when the 
aperture of the tube is fo great with regard 
to pores, through which the air is able to infi- 
nuate with a great deal of eafe, and produce the 
fame effcds,, as.if it were at liberty v, which is 

T t 2 cafily 
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eafily proved ; ift, from the experiment of the 
common barometer, one of whofe ends has been 
flopped with a hog*s bladder; for after niaking 
the vacuum as ufua], fo that the prefllire of the 
adjacent air keeps the mercury fufpended 27 or 
28 inches high, if a little hole be made in the 
bladder, with the point of a needle, whofe dia- 
meter is much fmaller than that of a capillar^ 
|, tube, the air will immediately infmuate into the 
tube, and make the mercury fall 2dly, From 
what bcfel me one day in making experiments 
upon mercury, when the mercury continued fall- 
ing after the vaamm was made» and upon enquiry 
into the caufe, J found a little crack in the tube 
made ufe of, palling dierefore two flips of parch- 
ment as exadly thereon as I could, 1 repeated the 
experiment, but ihe mercury llill defcendcd, 
tho* fomewhat flower indeed, a fufficient proof 
of the extreme fubtilty of air which can infi- 
nuate into the fmalkft apertures, and communi- 
cate its action thereby. 

What confirms the adhefion of water to the 
infide of the tube is, that if we only run taliowir 
into a part of the tube below die natural level of 
the water, the fluid in this cafe will rife above 
its level ; and if the tallow be oniy nin on ofte 
fide of the tube, the water on that fide willftand 
at its level, but will rife on the other fide above 
the leveh In fine, if a drop of water be let fall 
along the outfide of the tube, this drop, upon ar- 
riving at the extremity thereof, inftead of falling 
down, will enter within the tube, but if the tube be 
fmeared with tallow, inftead of entering it will 

fall direftly down. *Tis evident therefore 

from the whole, chat the caufe of the water's af- 
cending above its level in capillary tubes is, that 
in wct:ing the parietes of the tube, it adheres to 
^ them. 
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them^ and is partly fuftained thereby^ by which 
means the other columns of the adjacent water 
having a greater degree of weight, or prefllng 
more on(the bottom of the veffel, oblige thofe over 
the aperture of the rube to rile above their pitch. 

To conceive how the external columns of wa- 
ter ihould have more weight than thofc imnie- ' 
diately contiguous to the infides of the tubes, we 

advance the following propofition, If a 

body reft by one of its extremes on the inequa- 
lities of fome other vertical body, whether by 
meer oppofition, or by entering within fuch in- 
equalities* and be fuftained by a power applied 
to the oppofite part, the power wilt be to the 
weight, or to the effort it makes to defcend, as 
the diftance of the centre of weight of fuch body 
from the point of fupport, is to the diftance of 
the power from the fame point of fupport- 

For fuppofe * AB, a vertical furface, and fup- 
pofea body as ED, one of whofe extremes refts, 
or is fuftained on the point D of the fame (ur- 
face, and having the point C for its centre of gra- 
vity, *tis evident, that if a power fuftained it in 
the point F, it will not bear the whole weight 
thereof, fince we fuppofe it fuftained in D j but 
this power will have the fame ratio to the effort 
the body FD makes to defcend, as the diftance 
DC has to the diftance FD , for we may fuppofe 
this body as fuftained on the middle of a hori* 
zontal lever FD> by two powers applied in F and 
D, now by the laws of equilibrium the power F 
is to the weight of the body FD, as CD is to 
FD ; wherefore, &€. 

'Tiscafytoapply this reafoningto capillary tubes; 
for fuppofe the veflel AB full of water, wherein the 
capillary tube CD isimmerged, and fuppofe this 

* Pbje V^ Fig- 7. 
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water divided into columns, a^mpoiedot' globules^] 
of water, kid one over anorhcr m E, *tis evi- 
dent^ that when the water is entered tbis mbc, all 
tbc partkics in immediate mnuiS with its pa- 
rictcs, will be partly luftaincd thereby 5 now by 
the laws of fluids, the water will liand at a level, 
proirided nodiing hinder ir, by reafon all its co- 
lumns are equally heavy, or prefs the bottom of 
the reffel with equal force j but thofe which touch 
the infide of the tube are p^irtly fuftained, and 
confcquentJy do not aft on the bottom of the 
veffel widi all their force ; fo timt die adja- 
cent columns muft make ihem afccnd* and this 
till fudi time as they make up in height, what 
they lofc t}f their weight by adhefion, and thus 
reftofe the equilibrium. 

r From this account, it appears, that fluids, coo- 
tiguous to the omGdes of tubes, fhould like wife 
rife to a confiderable height, which is contrary to 
experience \ but it muft be noted, that in the in- 
fititfi of tejbcs, the particles of the fluids fuftaio 
oi:ie another, and contribute to their mutual ele- 
vation, which does not obtain on the out fide s 
accordingly we find that water will rife a little^ 
even in a very large tube. 

*Tis evident, that the fmallcr the diameter of a ' 
capillary tube is, the higher mutl the water rife 
therein ^ for the force of adhefion is meafured by 
the internal furface of the tube, and the refaftince 
is meafured by the weight ot the columns of wa- 
ter contained therein ; but columns of the fame 
height arc in a duplicate ratio of the diameter 
of the tube J v/hereas the furfaces are only in the 
fimple ratio of thofe diameters, coniequently the 
furface of a large tube bears a lei's proportion to 
the quantity of water it contains, than the fur* 
face of a fmall one does to its contents of water, 

coa^i 
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cofi&quently the force of adhefim is kfs in the 
large than the fmatl one ; wherefore, &?^« ^ 

*Tis evident Kkewife, that io tabes cqtwfly, o* 
nnequaliy, inclined, the water muil always rife to 
the fame height, notwithftanding its being ill 
greater quantity than when are they^ vertkat ; fiotf 
in inclined tubes, the moment xm of the pr^fiuittf 
of the water is not meafured by the whole tengttl 
of the tube, or by the alrfbluie weight of the 
whple column of water in the tube, boc by ki 
vertical height, fince it will only be impclkd \sf 
the weight of the column of the adjacent waMf 
ihatpreffes freely. 

I fhall here fubjoin fome other experiments^ 
en the fame fubjeft, which tend to cdnfitfin ihis 
rcafoning- — — Suppofe a capillary tube * AH 
whofc infide is very dry, applying only the end 
B to the furface of a ftagnant water, irwin rife 
to C ; but if the tube be firft wewed by paffing 
water thro* it, it will rife higher toD; and 3 
the tube be plunged in the water, it wiiJ rif# 
ftill higher as to £ ; if now the tube betakeM 
out of the water, that within it will gradually de-^ 
fcend, and a litde drop will be formed in B^ 
which is the cafe when the height BE is verf 
great, for otherwife the water will remain fuf- 
pended, and not iffue out ; if now the water inf 
B be made to touch a drop of water placed on a^ 
plane, the water in the tube will be found t<y 
defcend from E to D, which is the place where 
it would have ftood, if only the end B had been? 
made to touch the furface of the water. On the* 
contrary, if the water had only rofe to C, and 
(he end B had been made to touch the fame dropi 
pf water on the plain, the water would have rofo 
toD. 

• Fig. S. 
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The caufe of all thefe efFefts depends on the 
fame laws of equilibrium ; for when the drop in 
B touches another, it unites thereto by imme- 
diate contaft, and in this cafe, if the water be in 
E, being now rai fed too high, it mull: fink, fincej 
the whole muft come to an equilibrium i and if I 
it be too low, as in C, it mull rife for the fameff 
reafon. 

We are now to explain, why fome bodies arel 
caficr to wet than others*, why different fluids] 
are fitted to wet different bodies 5 and, laftly,] 
why certain fluids mixed together* while others] 
will not mix* but always feparate from each^ 
other- 

In order to this, I lay it down as a certain I 
principal, proved in my opinion beyond all pof- 1 
fibility of contradidion, by father Malkbramb\ 
and M. Bernoulii^ itV, That the cohefion and 
hardneft of bodies arifes only from the compref- 1 
fion of a furrounding fluidj for without admitting 
a kind of gluim in the parts of homogeneous 
bodies, a name no more intelligible, no fitter to 
explain the union of certain bodies than offym-t 
pa thy, pretending to unite the particles to eaclil 
other, true philoiophy will allow no other force] 
nor a£i:ion in bodies, but what arifes fron> their J 
motion, adly. That this cohefion or hardnefe il 
fo much the greater, as the particles of fuch bo- 1 
dies touch in more lurface, and leave lefs fluid 
between them, to refift the adlion of that with- 1 
out them; fo that if the refiftance be equal to] 
this external aftion or compreffion, the particles ' 
win not cohere at a)l \ or it the internal fluid re- 
fill more than the external one, the particles will 
fly afunder -, but if the external one a<5t with motl^ 
force, the fimc particles will unite, and this in 
a greater degree, as their fur faces arc fmoother 
1 in 
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in the fevcral parts. where they join; fo that if 
they be fo ftnooth, as to fit immediately to each 
other, without leaving any interftices between 
them, and confequently any paflage for the am- 
bient fluid, they will be comprefTed by the 
whole force of this fluid 5 and herein confifts the 
greateft hardnefs pf bodies. After this manner, 
we may account for the union of two fmooth 
bodies, as 2 pieces of glafs, 2 poliflied marbles, 
jfefr. or the union of 2 hollow hemifpheres of 
brais, from whence the air has been exhauflied, 
which will make fuch an effort againfl: their be- 
ing dif-united, that feveral horfes will be re- 
quired to feparate them. , 
. The application of this to fluids, which will 
wet fome bodies and not others, is eafy ; for 
when the particles of a fluid have their texture or 
confl:itution of. their little furface, fuch as that 
they may join mofl: immediately to the furfaces 
of bodies, they are contiguous withal, and leave 
the leafl: fluid between them and the furface of 
fuch body, they will,* in this cafe, adhere, and 
be, as; it were, . fattened aad kept together by 
the .preflure of the furrounding fluid ; and 'tis 
for this reafon, that the drops of water fuftained 
upon the leaves of trees, fome whereof are ex- 
tremely fmooth, do not fall. And from the 
fame principal we may explain, why the. parti- 
cles of any fluid unite, and thofe of a different 
fluid keep afunder j for the particles of one and 
the fame fluid being all homogeneous, that is, hav-* 
ing their furfaces nearly fimilar to each other, 
whea they chance to meet they unite as clofe 
as poflible, leaving very little of the above- men- 
tioned fluid between them, to refift the aftion of 
the external one. On the contrary, the particles 
of different liquors being heterogeneous, that is, 
; VojL.ri. N^. 21. ,Uu having 
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hai?ing|different figures, miift of confequenceleavea 
large quanrity of the fluid between thciTHto prevent 
their joining. Henc^, afrer mixirrg oil and wa* 
ter, by beating them together a confiderablc 
rime, as the particles of fluids have eaA of them 
their morion in all poffible di reft ions, feparately 
from the rrft, when a pamcic of oil happens to 
itjeet a particle of water, they cannot join ctefe 
enough to cohere, by reafon of their figure, and 
the arrangement of their particles, which makes 
them to nip over one another, inftead of clofing ; 
but when a particle of oil meets another particle 
of oil, fhcir farfaces being fimilar, they appi'oach 
as near as pofTible, and thus unite by reafon of 
the little refinance made from within again ft the 
aft ion of the fluid without. 

L^t it not be alledged, that this account tends 
to deftroy the fluidity of liquors; for tho' a par- 
ticle adhere clofe enough to another to be rarfed^ 
or fuftained therewith, on account of the fmafl- 
nefs of its weight, yet it does not adhere ftrongly 
enough to rcfift the impulfe of any other parttdc 
ftriking again ft it, or even the action of the fitb- 
til fluid, which may infinuate between them ; hy 
purfuing this reafoning, ^e may be able to ac- 
count for the following very curious experiment. 
' — Wine and oil being minted together as inti- 
mately as poflible, if we^would feparate them a- 
gain, we are only to t:ike two flips of whfted 
brown paper, ufed for filturation withal, and dip 
tlicm f«pararely^ the one in wine, and the other 
in oil, then immerging one end of each in the 
mixed liquor, and letting the other hang *over 
the edge of the vefTct, wc Ihall find the oi! drawn 
Cfff by the paper^ which had been moiftcned thtre^ 
with, and the wine by the other. >Jow the rca^ 
fon is evident, for a parricle of wine when it 
* * ftrirkes 
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(trlk^a^mfl: a partidi? of oiU being unable by 
c^^Q of its figure^ to come clofe enough to exn 
jljMcl'tbe fijbtil fliud between them, inftead of u^ 
)|iitiqg (hereto, is nf ceflarily repelled \ whereas 4 
pafticleofoiU on the contrary, meeting a particlq 
9f .wine,. apprQ(LChe& thereto dofely enough tq 
(jggsk the fluid, upon which the forrounding fluid 
CQO^prefllng them without refdlance, they remain 
uAicod together, and arife a^ ufual. 
' , "Wh^n a greater number of fluids is mixed tQ 
getl^, their reparation is not effeded with (q 
much e^aftnei^; but it appears by the experi% 
xrvsatf. that water difengagcs itfelf the mofl: readily 
£ro(ntbe other liquors it is mixed withal, whic^ 
x^y.ferve to account for thegreat facility wherewitl^ 
iirinc Separates from the blood, in pafllng thro' th^ 
glands of the kidneys, as w^ ihall fhew hereafter. 
The iame principle might likewile perhaps 
iSbnre, to explain the different fecretions made hj 
(he body, that is, how the different particlq 
whereof the blood ccmfifts, are feparated throud) 
the .glands of the refpeftive vifcera, deftin*d tof 
this office ; for all die other folutions hereof la^ 
bpur under great difficulties: there are two, ^ 
inong nuny, which have the moft air of probir 
bility>" ■■ ^ The firfl: is, that all the particles qJF 
blood are homogeneous, but that the pores 1^ 
different glands being different,. thele ferve as fy 
inaay moulds, to give that figure to the parti-^ 
cks received within them neceflary to conftimt^ 
the liquor required. Now 'tis hard to conceiv? 
bow the chyle, which muft confifl: of particles ci 
all the different kinds of foods Ihould be ^ 
changed, as that fuch different particles fhould aU 
become homogeneous in the blood ; befidcs how 
iball we conceive tbefe moulds to aiS: upon li^ 
quors which ftill remain fluid ? 

- Uu 2 Thp 
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The fecond account fuppofes particles of mat- 
ter in the blood of all kinds of figures, but that ' 
the pores of chegknds being likewife diflferemly 
figured, anfwerably thereto, let only fuch parti* 
cles pafs^ as are adapted to them j that is, if a 
pore be prifmacical, or pyramidal^ it will only 
admit fuch particles as are of thofe figures. ■ 
This opinion would carry the more probability, 
if the particles of blood were of equal bignefs ; 
but as fome of them are certainly bigger than o- 
thers, we do not fee why a cubic particle, for in- 
flance, which is fmaller than a prifmatic pore, 
fliould not pafs thro* the fame, and fo of others; 
but if the glands be fuppofed to have been moif- i 
tenedj from the firft formation of the body, with 
the proper liqiiur, which they are afterwards to 
fi Crete (vis maybe fuppofed confiftantly enough 
with the modern fyftcni of generation^ which is, 
that all organized bodies were formed at the time 
of the creation^ and lodged one in another, to 
be enlarged and unfoldfcd in procefs of time) it 
will be eafy to explain* upon the principle al- 
ready laid down, how the heterogeneous particles 
of the blood fliould feparate from each other, 
and compofe the feveral juices wherewith we find 
the receptacles of the body filled ; for a particle ; 
of bile, for inftance. Ariking againft a purticle, 
which is to compofe fome other humour, will not 
adhere thereto, by reafon of the difierent texture 
of their furface ; but, for the contrary reafon, will 
unite to another particle of bile, and both of them 
go together, to the common receptacle of the bile. 
After the fan^e manner may we account for the 
nutrition and growth of diifercnt plants in the | 
fame foil, on a fuppofition, that there are par- 
ticles of all figures in fuch foil ; fome of them ' 
fit for the nutriment of one plant^ and fome 
of another, XIX* 
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XIX. ji continuation of the obfervattons on 
• the height of the quickfther in the baro^ 
meters^ byM. Amontons *. 

'Following my firft views, I mean fuppofing 
that the pores in fome tubes are more open than 
in others, and that admitting a paffage to more 
parts of air, it is refufed to none but the 
thickeft, which by their weight (upport-the re- 
maining quickfilver in the tube 5 I took a meari 
barrel of a gun, of 34 inches f in length, I had 
the breech of it foldered, which is properly feal- 
ing it hermetically. When it was cold, I filled 
the . barrel quite full with quickfilver, of which 
there entered 53 ounces f. I obferved, that it 
held it exa6l}y, not letting any out at any part 5 
after which I prepared to perform the inverfion, 
but this tube not being tranfparent, the difficulty 
was to know at what height the quickfilver would 
ftop. i at firft thought to have weighed that 
which ftiould remain in the tube after the inver- 
fion, that comparing it afterwards by the weight 
of quickfilver, which quite filled this barrel, I 
might judge of that height which I fought. But 
this not only feemed to me troublcfome to exe- 
cute, but I alfo, for many reafons, thought it 
not Very certain. For, ift, I was not fure that 
this barrel was exadly of the lame fize from one 
end to another : on the contrary,- there was fome 
reafbn to believe it was not ; therefore nothing 
precife could be gained this way. 2dly, Stop- 
ping the open end with a finger, in order to 
hinder the quickfilver in the cup fi"om commu- 
nicating with that in the tube, it was in a man* 
ncr impoflible, but that the quickfilver muft 

• Sept.2, 1705. 
• ^ then 
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then be in fuch balandngs, as might give greater 
m Jefs heights than what are true. After having | 
confidered aU this, I fucceeded in the following 
manner. 

I caufed the wooden veflfel ABCDE * to be 
turned, the cavity of which was in the figure of I 
^ redlangular cone inverted, and tlie outfide was | 
a cylinder. 

Then having taken the quickfilver out of the 
biirrel, I laid the open end of it in the bottom 
of Ehe wooden cone» and holding it floping as 
much as pofDble, I poured a lictJe quickfilver all 
TDund i£» to fee at what height I fhould make the 
ibe hole FG, which might icv^z to difcharge the 
fjuickfilver of the vc (Tel ABC» and leave oaljr , 
therein always exa^ly a fufficienc quantity to hin- 
der the external air from entering at the bottom 
of the barrel. 

After having therefore bored the hole FG* a 
little Doping towards E, I flopped it with a Utile 
wooden ftopper, which I could take out and put 
in as I pieafed \ then I filled my iron tube quite 
full of quickfilver, thrufting into it an iron rod, 
which I turned about eveiy way, long enough 
to expel all the little bubbles of air, which might 
remain adhered to the inward wails of thi& tube. 

Having then poured into the veflel ABC a 
quantity of quickfilver, fuflicient for the open 
end of the tube to dip therein, I put this vd'-r 
fcl into a larger, in order to receive dur which 
might run over by die difcharge FG during the 
exp^^riment, 

» After having dipped the open end of the tube 

full of quickfilver into that of the veflel, iofiead 

of raifing it perpendicularly, as \% ufuaUy donei 

|# held it very floping, lb that in all appearance, 

* Plate V. Fig/ 9. . 

a. ill 'the 
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part: I 

The whole b^g in this ftate» I opened the 
hole G to let out all the fuperfluous •quickfihrer^ 
x^ich came out immediatdy ; after which I, by 
degrees, fet the tube upig^t, obferving exadly 
eke time wheal law the qukkfilver run agaiji^ 
duough the holeG ; for that was to ibow me the 
point where ^t vacuum was to be begun, whicii 
ittoring fererai times carefully execut^, holding 
a ivle graduated by inches perpendicular to the 
iideof «lie tobe, 1 always {bond the perpendi- 
OOkrlieight of t^equickfilveraboiire F, ^t 23 in-- 
ckes, 4 lines, though k was then dn otiher glaft 
tubes at 27 inches, 8 lines. 

I then left thisoabe fbrdieexperiment : but during 
diefitft five hours there came out about 1 3 ounce* 
f weight di quickfilver . In the fix hours follow*' 
alfg,ldiere cameout6 ounces 'J more ; and 10 ounccii 
ill ^tweflre other hours; and, iaftly, 8 ounces 
ill ^ight hours more : after which, Wing quite 
eftipcied the tube, I found fbill therein 4 ounces 
^'$ fotkat all the quickfilver which remained in 
die tiibe, afta: the inverfion, was 43 ounces^ 
wkkh was to the 53 i, whidi filled' the tube near 
the rMio of the 27 inches, 8 dines, which the 
g^als tube had given, to 34 inches f length of 
che^iron tube: which would hare made me ima- 
ftine, if I had r^rd only to the weight of quick* 
filv^r, diat the vacuum was made of the fame 
faeigbt in the iron as in the gl»fs:tube« fiat ic^is 
to be Obferved, that the iron tub^ ducing-the ev^a*^ 
ooatinn, was ib (loping^ shat thequickfiker jnuft 
tboA therein about >6'Unes higher, than if it had 
testi perpendicular, and that alfo the fize of the 
iron tube in all appearance Icflfencd near the top % 

. whicl} 
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which I had obfervcd only by' my eye, and by 
putting my finger into it before it was foldered. 

Now thoijgh thefe evacuations fliow, that this 
tube lets in the air; yet there. are many things 
worth obfervation in this experiment. For firft, 
the difference of the 4 inches, 4 lines, which was 
at firft found between the heights of the quick- 
filver, contained at the fame time in the iron and 
in the glafs tube, cannot be imputed Co the hole, 
through which the air muft have time to infinuate 
itfelf into the tube; for, according to the obfer- 
vation of the continjance of thefq evacuations, it 
would have. tjiken near two hours to let in all the 
air neceflary. .to produce this difference, whereas 
it was inftantly found. 

Secondly, This experiment fhews alfo, that 
the parts ; of quickfilver can by no means pais 
through fuch apertures, as the groffcr parts of air 
pafs through, when they arc both equally loaded. 
Yet it is known, that quickfilver, when loaded, 
paffes through very narrow paffages, and the 
flovvnefs with which the air penetrated into the 
iron tube, makes me conjcfture, that the paf. 
fage through which it paffed, muft have been a 
very little one. In the time of the evacuations, 
my thermometers were at 55 inches, 9 lines. • 

To conclude ; it does not appear, that a rea- 
fon can be eafily given for this great difference in 
the heights of the quickfilver, otherwife than by 
fuppofing with me an inequality in the fize of 
the parts of air which compofe the atmofphere, 
and that the pores are. greater in iron than in 
glafs. Yet, as it is not known, whether the 
fame thing would happen in other tubes of iron, 
I dare not conclude any thing thereupon, and look 
on this only as a preliminary experiment, which 
precedes thofe which are to confirm or explain it: 
3 for. 
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for, in fhort) perhaps the ruft, whicjh is confi- 
jeraji^ in the infide of this tube, retains maay 
particles of air, which hinder the vacuum in this 
mhe, from being made fo perfed as in thofe of 
glais; which is yet what. I can hardly believe, 
aonfidering the care J took to get it out ; and I 
Qtmiot imagine, that a fufficient quantity fhould 
nemain to produce fuch a confiderable difference, 
independantofthe pores of the metal. 
, . I have faid, in my laft memoir, that fpirit of 
wine perhaps only occalioned a lefs height in 
Dubes which had been wafhed with it, becaufe it 
Qsade them cleaner, and hindered the drofs of the 
gpickfilver from fixing to them. 

On this occafion, it would not be from the 
porpofe for me to relate fome experiments there- 
djpon, which have (hewn me, that the cleaneft 
quickfilver, which has been long fhaken in a 
rery clean glafs, fullies andobfcures it very con- 
Bdcrably^ For having often ca^rried in my pocket 
little bottles of quickfilver, fo^e of which were 
even fealed hermetically, having carried them 
for a year or longer, I always found the bottle not 
pnly very dirty, but the quickfilver partly reduced 
(p a black duft, like a pounded coal, as the com- 
piny may have obferved in that which I have 
long made ufe of, in form of one of thofe levels, 
called ball levels^ in which the oppofite fides are * 
ieldom parallel ; though it is recelT^ry to make 
^ ufe of it certain, which is not fo in this 
cafe. 

But to return to our fubjed, it is therefore very 
|x)flible, that the matter which paffes through the 
pores of the glafs, which has hitherto been thought 
;obe only that of light, finds more or lefs hinderance 
toits'paflage,accordingas the entrance of thcfepores 
is more or kfs entangled with a foreign matter, 

Vot,II.N^2i. Xx fuch 
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fuch as may be the drofs and leaden part of the 
qaickfilver, or of fome odier matter floating in 
die air, capable of producing fuch an cSeSt ; as 
it would happen to a fine fieve, expoled.fbr 
fome time co the fmoak : for the foot which would 
cleave to it, might ftop the holes ; fo that what 
before pafied eafily through it, could no longer 
pais at all, or with difficulty ; and as by wafliing 
this fieve, it might be recovered to its firft ftatc. 
In like manner alfo, fpirit of wine, or other li^ 
quors, may take ofFthat kind of foot which hin- 
ders that paiTage to the little parts of air, which 
the greatnefs of the pores^of the glais would per- 
haps othcrwife allow them. 

XX, New reflexions on the rules for the 
condenjation of the air^ by M. Caffini the 
fonf. 

The perpendicular height o^ Mount d^Or^'ahovt 
the level of the fea, was meafured to be 1040 
toifes, by the obfer vat ions which we made on it, 
to determine the triangles of the meridian. The 
height of the quickfilver was there obferved, by 
F. Sebajtien^ 22 inches, 2 lines, June 8. It was 
then at Paris^ in the tower of the hall of the ob- 
fervatory, 22 inches, 9 lines \. There was a 
difference therefore of. 5 inches, 7 lines f, to 
which, if we add 4 lines for the difference, which 
agrees with the height of the obfervatory above 
the level of the fea, we fhall have for 1040 toifes 
height of Mount d*Or above this level, 5 inches, 
1 1 lines I falling of the quickfilver, which is in 
the proportion of 14 toifes, 3 feet, and fome 
inches for each line, one with another. Accord- 

t Sepr. 2, 1705. 

ing 
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ng to the table *^ which I have drawn up, ac- 
cording to M. Mariotteh rules, allowing' with 
him for the firft line of quickfilver, which an- 
fwers to the level of the fea, 10 toifes, 3 feet, we 
have for the line which anfwers to 6. inches dimi- 
nution of quickfilver, which is nearly that which 
is ibund upon Mount d^Or^ 13 toifes, 2 feet, 2 
inches, 2 lines lefs, than what is found for each 
line of quickfilver, even though we fhould fup- 
'fk>fe no augmentation caufed by the dilatation of 
the air. 

Continuing to compare the table, drawn hj 
the rules with the experiments, we fee that at 6 
inches diminution of quickfilver, the height of the 
air above the furface of the fea, fhould be 852 toifes 
infleadof 1040, as has been found byobfcrvation, 
and that at the height of 1 044 toifes above the level 
of the fea, which is nearly that of Mount d^Or^ there 
ought to have been found a diminution of 7 in- 
ches, 2 lines of quickfilver ; that is, above 14 lines 
more than has been found by F. Seiaftien*stxpt^ 
riment, compared with that' which was made at 
the fame time at the obfervatory. - 

This difference is fo confiderable^ that it can- 
not be afcribed to any error that could have been 
made in meafuring the height of the mountains, 
nor to the different temperature of the air, which 
could have made a different variation in the 
height of the quickfilver at Paris ; and at Mount 
d'Or we have found, that the variations in the 
height of the quickfilver ufually happened at the 
fame time ; and if there were fome differences, 
they never were near fo confiderable. 

The obfervation, which F. Setajiien mzde at 
Clermont^ gives us room to examine with more 
cxaftnefs the experiment, which M. Perur m^(it 

♦ Seeabove^ pag. 254. 

X X 2 on 
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on the Puy de Dom^e j and which M, Marit^m^ 

makes ufe of for the confirmation of his rules. Jum 

10, 1 705, F. Sebaftkn obferved near the Minims^ 

which is the very place where M. Perur made his j 

experiments, the height of the quickfilver to be a6 

inchesj 6 lines. By the obfcrvations made at Pa^ I 

ris before and after, it was 27 inches, 10 lines, j 

The difference is i inch, 4 lines, which agrees I 

with the height of Chrmmt above the obferva-l 

tory ; to which if wc add 4 lines, for the height j 

of the obfervacory above the level of the fea, wej 

have I inch, 8 lines, for the height of Ckrmontl 

above the level of the fea. If we add to this dif- J 

ference 3 inches, 1 line |, which is that which 1 

M, Perkr found between the Minims of CkrA 

mont^ and the top of the Puy de Domme^ we! 

lhall|have for 8 1 2 toifes, the perpendicular heightl 

of the Puy de Domme^ above the level of the fcav j 

determined by our obfervations, a dimintirion of 

quickfilverof 4 inches* 9 lines f. Accordingtol 

M, Mar tot t eh rules, the height of this moun-I 

tain ought to be but 66"^ toifes ; and at thci 

height of 812 toifes, we ought to have found 51 

inches, 9 lines diminution of quickfilver j that 

is, 1 1 lines \ more than we have found by the 

^experiments. We fhall find a ftill greater difJ 

ference, if in the room of ourobfcrvations,weuft| 

ihofc which M, de la Hire has made at die ot 

fervatory, which make the height of the quick* 

filver above a line lower than what we have ot 

ferved. Here are fevcral obfcrvations, made bj 

various perfons at different times, which alP 

vary from the rules which M. Mariotie has efta- 

b'iftied for the condenfation of the air; we fee alfo 

that his rules cannot anfwer ex;tft]y to experi- 

mentSf whereas, according to the remarks which 

M, Maraldi read lately to the academy^ there 
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i» km one fingte laibfdn^atioiH n^ydi iraries^dmflft 
4 lines from tte rule, which Ik luulaiddMriu 

XXI. j4n experiment m the qudtaity ofhaat 
refleSled to us hy the moon^ by M.^t\^ 
Mre jun. \ ; tranfiated ly Mr. Cbain^ 
bers. 

*Tis notorious that feveral perfons attribute vst- 
rious^ qualities to the moon, without any reaibo 
for the fame founded on experinwits. I ihall nojt 
here enter upon a detail Of thofe qualities, as 
having obferved, that moft of thofe who give 
into the praftice, differ in their fentiments, that 
which it fhould feem to have the moft tide to is 
heat, fmce its light is only that of the fun rie- 
flefted, which every body will alldw muft occa- 
fion heat : however, as no experiments, that I 
know of, have been made, either to fupport or 
over-turn the reafon upon which this quality • h 
given it, I made the following one, widi all the 
accuracy I was capable of 

In the month of OSlober^ ^705, the moon be- 
ing in the meridian on the day of her oppo(ition» 
and the Iky very clear, I expofed the burning 
concave, of 35 inches diameter, kept in the ob- 
fervatory, to her body, and about the focus placed 
the ball of an air thermometer of M.^«^»/^j*s, 
which is the moft accurate of any we have 
known. The whole being fo difpofed, as that 
the ball, which is 2 inches in diameter, reccivied 
all the rays gathered into the focus upon its whole 
furface ; hereupon examining the height of the 
mercury in the tube, after it had ftood fome 
time, I found it nothing different from what it was 

♦ Nov. 28, 1705. 

before 
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Ixfore, nocwithftanding that the rays were collect 
ted into a fpace jo^imeslels thao they DSijtiirally 
poflels, and confequendy fhould have iotreafed 
the apparent heat of the moon 306 times. 

iMow, if fuch an experiment as this, where the 
rays of die moon are not crowded into, the 306th 
psut of their ufiial room, but made to cro^ and 
mterledl each other, which muft conliderably in- 
creafe their effeA, as is found by expofing the 
lame concave to the fun, give us no figns of heat, 
we may conclude it incapable of making- any 
fbnfible impreffion upon us. 
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I.' On an irregularity o/Jbme barometers-^ 
tranjlated by Mr. Chambers. 

SO many feveral opinions being ftarted in the 
acadcmyij^ touching the phenomenon of the 
chancellor's barometer, the conclufion was, that 
new experiments (hpuld be made, M. Maraldi 
accordingly had made feyeral ; and they ail 
feemed to conferm the fentimentof M. Romberg^ 
who apprehended that the barometer above-men- 
tioned ftood lower than the reft, by reafon, after 
filling it with mercury, it had been walhed in 
Ipirit of wine, fome particles of this remaining 
in the pores of the glafs, might, when the vacu- 
um was made, become extremely rarefied, and 
thus deprefs the mercury, either of themfelves, 
CT by means of the air contained in them, and dif- 
tngaged by their rarefeftion. 
. The refult of M. MaraUi\ ejcperiments is as 

follQws. After wafliing the infide pf a tube 

with fpirit of wine, and wiping it feveral times 
with different pieces of linnen, the mercury ufu- 
ally ftands at a lefs height than before ; and in 
different experiments, the difference of heights 
varies from \ an inch to an inch f . 
Vol. II. N^ 21, Yy If 
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If the tube be filled immediately after wafhing 
it, the mercury will ftand lower than if the tube 
had been filled fome hours later. . 

If a tune have been wafhed with fpirit of wine, 
the mercury will (land lower in it, than if the 
fame tube had been wafhed with brandy ; and if 
it have been walhed in brandy, the mercury wiH 
ftand lower, than if it had been walhed in water. 

If the tubes waflied with thefe fevcral liquors 
be afterwards well wiped, and dried, the mercury 
will ftand at the fame height as before they were 
wafhed. 

A tube wafhed with fpirit of wine, will be 
fufficiently dried by ftanding feveral days in the 
air, provided it be not moift. 
. Tho' the outfide of a tube be wafhed,' and 
rubbed ever fo much with fpirit of wine, the 
mercury will maintain its ufual height.- 

In a barometer, which had two cracks at its 
upper end, the mercury did not fink for two 
months ; that is, it only funk as in other barome- 
ters. 

Upon making barometers with feveral diffe- 
rent tubes, none of which appeared moift, the 
mercury flood at difrerenc heights ; the great- 
eft difference being ^ of an inch ; but upon dry- 
ing the tubes wherein it was Icweft, itrofetothe 
fame height as in the reft. 

From all this, it is eafy to conclude what care 
and precaunon is to be taken in making a good 

barometer. As to the theory, all that can be 

alledged is, either that the lirtlc drops of the 
fluid, wherewith the infide of the tube had been 
moiftened, became extremely rarefied in the va,- 
cnum^ \o as to deprefs the mercury, or that the 
air incloicd in fuchfiaid, difengaging itfclf there- 

tiom 
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frbm by this rarefaftion, were the caufe of de- 
preffing the famq. 

The firft opinion is the leaft probable, by rea- 
fon if the fpirit of wine funk the mercury by its 
ownmeans, it would fink it lefs than brandy, as 
being lighter than brandy 5 and brandy,, being 
lighter than water, would likewife fink it lefs 
than water, which is contrary to experience. It 
would follow therefore, that, agreeably to the. 
fecond opinion, there is either more air inclofed 
in . fpirit of wine, than in brandy 5 or th^t it 
difengages itfelf more readily from the former 
than the latter ; and the fame will hold in the 
cpmparifon of brandy with water. 
. But the great difficulty is fl:arted by M. Amon- 
tonsj ftill remains -, and till this be removed,. 
the hypothefis hitherto explained, how plaufible 
foevcr, will only be an hypothefis. 

II. On the declination of the needle ; tran- 
/lated by Mr. Chambers. 

That noble fyftem of Dr. Halley concerning 
the variation oi the load-ftone, which has befii 
laid down in the hiftory of 1701 *, and verified 
Jby the academy, in the hiftory of 1705, is 
now further confirmed by M. Dciijle^ who, hav- 
ing an cxaft journal of a voyage to Guinea and 
-America^ made by M. de. Marchais in the ytar 
1704, 1705, and 1706, has been at the pains 
of comparing all the oblervations relating to the 
variation, with Dr. llallef% chart; that chart 
.having been made for the year 1700, the decli- 
.. nations are not to be found the fame in the fuc- 
, ceeding years, as laid down by him, but different 
a little therefrom ; and this more or lefs according 

* Vol. I. Page 245 of this abridgment. 
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to die length of time^ which diverfity, provided 
it agree with Dr. Hallef^ fyftem, is a foil con- 
firmation Ehereof. 

Now this is what M. ds Ltjli has found j the 
carve Jine of iio variation, drawn by Dr, HuUiy 
round the globe of eartli, only differs from that 
produced by M. Marcbaish journaJ, by its being 
about half a degree more to the weftward, as 
accordingly it had always been expelled to find a_ 
m^'Hon in this line. 

From ihiF rcrm, thedeclinatbns, obfervoil 
M. Mar chats do all increde towards the eaft, and 
diniinini towards the weft, with regard to thofc i 
Dr. Halkjh chart ; and the greateft differcncft 
which indeed only occurs on(x or twice, amouocs 
but to about 2 -— in 4 or 5 years. This is a new 
inftance of what had been obierved bctbre, vix. 
That the declination does not t?^ary equally and 
unifurniiy in all pans of the earth. 

IIL Why a glajs ve^el Jilkd with water ^ or 
quickjilver^ breaks before the fire in winter. 
But not if it is filled withfpirit of wine, 

AT. HomhrgfAjs, thataglafs veflel put bcfora 
the fire in winter breaks if filkd with water, anil 
more eafily if filled with quick filver j but not M 
all if fJltd wirh fpirit of wine. The rcafon of 
ijvhich he imagines is, that the matter of ligli 
pafilng widi difficulty through water or quick 
filver, and confequently partly ftopped by 
obftacle, gathers into the pores of the glafs in td 
great a quantity, where the fire continually drives^ 
it, and dilating tliefe pores too much, forces it " 
fpring of the glafs, and thereby breaks it j whtn 
as had k met with fpirit of wine in the fame vt _ 
fel, which is more homogeneous to it, and which 



it eafily penetrates, it would not have had occa- 
fion tQ exefcifd this vkdente^ The expdrifnedf 
muft be made in winter, becaufe the veffels which 
then pafs from a coldaif to great heat, are more 
difpefed to break ; hu% the fire nKift n6C bo fo 
greats or they fa near it^ a$ to b^eak on this ao 
count alone. M. Homiirgi mUcb vk the fame 
manner explains, why an empty yeffel, unftop- 
ped, being fuddenly warmed before the fire, 
conrMnonly breaks if it is thick ; but not if it is 
thin. Thethickriefs makes the matter of light 
dilate the pores of the fuffate towards the fire, 
much more than the inward furface ; and from 
this inequality of dilatation, all the fcft ^evidently 
follows. 

IV. Offomedogsalmoftjiaruedtodeathi 

A Hanifh bitch, ready to whelp, having been 
forgot, and fliut up in a chamber of a country* 
houfe at the family's retui'ning to Paris^ was, 
at the end of 41 daysj found alive, lying on a 
bed, but could not ftand, and without any fignft 
of madnefs. No remains of its puppies, or ex- 
crements, were to be feen, fhe muft hav^ fed on 
thofe, and poflibly on her milk alfo, and even on 
part of the dimity of a quilt, which (he had torn, 
and of the wool . in it, which flie had tumbled 
.about. Food was given her, and (he began to 
recover from her e3ttreme weakncfs, when M. 
VAbhi Galois related this hiftory. 

On this occafion, M. du Hamel merttibned ano- 
ther bitch, which was 6 weeks without eating; cx- 
• ccpt the ftra w of a chair, which was irt the place 
where fhc was confined ; fhe had alfo drank fome 
water, and lived vpry long after. 

V. 
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V. Of a man continuing fifteen days alive 

under the ground. 

' M.. Maraldi ^\(o relates on this fubjeft, that 
in an earthquake at Naples^ a young man con- 
tinued 15 whole days under fome ruins, and was 
not ftarved to death. 

VI. Of an extraordinary fione brought from 

Germany. 

' M. Gecffroy ftiewed a ftone brought from Ger^ 
tnany^ he knows not from what part thereof. It 
is marbled, very foft to the touch, and in a manner 
fat and faponaceous. It .is like foft marble, or 
petrified foap. • It was thought to be a dry, har- 
dened, flimy earth. M. Romberg (kys,. its nature 
confifts in having a finer grain than marble, tha* 
it weighs lefs, having greater pores. He adds, 
as a proof of the finenefs of its grain, that being 
pounded and diflblved in water, it thickens it, 
-which marble does not. Its effects are very near the 
lame as foap. M. de la Hire fays, that at Mont- 
marlre there is fuch a ftone among the banks of 
fand. 

VII. Of an accidental mixture of driigs^ 
'which produced a fmell of musk. 

M. Lemery having bought of a druggift half a 
pound o^ galbanumy as much fagapenum^ as much 
tittimcn judaictim^ and 4 ounces of opopanax^ 
put all thefe drugs in his pocket, each wrapped 
up feparatcly in little bags, except the fagapc- 
num and opcpanax^ which were together, he was 
3 much 
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much furprifed, when he returned home, that 
every body thought he fmelt of mulk 5 for every- 
one of thefe drugs feparate has a (linking and 
very penetrating fmell, except the biiumen judaic 
cunt J which, however, has no fmell like mulk; 
and thefe very drugs are made ufe of in medi- 
cines againft the vapours, a difeafe which may be 
occafioned by mulk, and fuch like fmells. He 
examined all the bags after one another; they 
were all new, none had been ufed to wrap up 
mulk, or fmelled of it, but only of the drug 
which had been put therein. He brought them 
all near one another again, and they produced a 
fmell of musk. M. Lemerfs cloaths were pretty 
ftrongly perfumed with it, which lafted till next 
day. 

VIII. Of the formica- vulpes. 

M. Poupart hath in the memoirs of 1 704 *, 
given the hiftory of tht formica- leoj we prefup- 
pofe this for the underftanding of what follows. 
A friend of M. Carre% fceking for thefe infers 
in the country, found many of thofe holes which 
they lb cuuningly make -, but moftof them with- 
out a formica-leo^ which made him think, they 
had been a prey to fome animal, who were 
greater lions than they. He was foon undeceived, 
obferving at the bottom of thefe holes little 
worms, of about 6 lines long, and | a line broad. 
He took fome of them and put them in fand, 
where he favv them make their holes in the man- 
ner of thtformica-leo. He gave them ants, which 
the formica-leo fo much loves, and they greedily 
feized them, covering them with half their body, 
for the other part remains buried in the fand. As 
they have not io much ftrength as thcformica-ko^ 
* Page 161 of this volume. 

their 



3^ 7%f History tf«^MEM«iis^/Af 

dieir pmy ibftcn cfisapes from tberp^ Mi} fto nocD^ 
v^ kt abey make u& of the £une Anageni,! 
they build cheir pk nwre floping, «wiikb makM 
the afiimal £U1 tw:k. The formic0^k0 likes tbem 
very v^U vhco they arc givicn le fcim i taut dus 
k fio ivfinder, for chcy like to /eat i)ne imothBr^ 
Thefe worms cbanga intp an )s3&&^ rmj like a 
gnat, jCKCcpt tbac ic is longer and thickfir. Tho 
ob(erv|sr calls tfaesn» f&rmicorvulpef^ to diftiiH 
giitfh them from the formica Uoi ^d defcrflit 
their cunning. 

IX. On the cryjialline humour of ajerpenfi 

eye. 

The fame friend of M. Carrels examining tho 
cryftalline of a ferpertt's eye, which was a linein dia- 
meter, found it, even with the microfcope, to 
be pcrfedly fpherical. As it refembles a Mown 
lens^ he had a miiid to view objedls through it^ 
and found that it magnified theai exceedingly, 
full as much as fuch a lens of glafs would have 
done, but it was not fo tranfparent; probably 
by rcafon of the membrane which covers the 
cryftalline. Henrc it is certain, that thefe ani- 
mals muft fee objeds incomparably greater than 
we fee thcni. 

IL. Of a 'uconn^ ivhlch fccms to have two 
heads. 

The feme obferver of nature met by chance a 
worm, 2 inches long, and i line lHt)ad, and \ 
thick, of a pretty deep yellow, like ear-wigs, 
and 80 legs on each fide. The head and tail 
differ fo little in their figure, that it cannot be 
conjeftured, which of the two extremities is the 

head. 
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head. Nor can it be diftinguilhed by the animals 
walking; for if weiftop it, it does not turn on 
qtic fide like others, but returns fhort upon its 
fteps, going backwards ; fo that the part, which 
in its firft motion was behind, becomes foremoft 
in the fecond, and thefe two motions are with 
equal facility. Perhaps, this infedk hath two 
heads, and two brains, as others have many lungs. 
However, its exfremities terminate in a poiqt, 
with two litde horns, like to its legs, and about 
I line long. It is fprighriy and very nimble; 
and the order with which it fucceffively moves 
its 1 60 legs is admirable. 

The philofopher, who obferved it, cut it in 
two'equal partis, each of which confequently had 
80 legs, they both walked as nimbly as the whole 
animal ; they endeavoured to hide themfelves 
in fome hole, and the obferver having put water 
in their way, each of them went a little into it, 
but foon got out again. He again cut each part 
in two, and ftill all four walked, but more 
(lowly ; it often made contorfions, like the tails 
of ferpents when they are cut off, The feparated 
parts did not endeavour to join ; when they 
were put together, they ftuck a little by means 
of a vifcousjuice which iffued from their \younds, 
but they did not agree in their motion. 

XL Of an infeSifiJh. 

This philofopher has alfo found an infe6t fifh, 
which transforms into an addet-bok. When it 
is in the water, it is near 2 inches long, of which 
the tail is two thirds, and is 4 lines broad in 
the middle, terminating in a point. It is flat 
\inderneath, and round above. In the other 
third of this animal's length, is its head and fix 
legs. The adder-bolt, whi<;h comes oyt of it, is 
^ Vol. 11. N^ 21. ?z 0^9 
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one of thofc which fly about ftanding watei^ 
where they lay their eggs. Here is ah s^nimal, 
which from ^ fi(h, becomes a bird, different in 
all likelihood from thofe mentioned by M- Pou- 
fart in the memoirs of 1 704* ; perhaps, by muclf 
obfervation, it may be found, that- this changj^ 
of habitation and of element is pretty cpmmon.. 

XIL K>f fome extraneous fojjih found irt 
Germany. 

What has been related in the hiflory of 1 703+1 
of ftones taken out of the Veronefe^ which in? 
clofed plants and dry fifhes, was confirmed by 
M. Leibnitz. He fays, that in the country of 
Brunfwick near Ojleroda^ in the county of il/^;tr/- 
field near Eiflebe^ and m many other parts of 
Germany i veins of flate are found very near ho- 
rizontal, whereon are very exaft and compleat 
reprefentations of many forts of fifhes or plants, 
which appear of their natural length and breadth, 
but without any thicknefs. Thefc lines are often 
dcfcribed on a mixture of copper, which alfo 
contains filver. Some of thefe plants are not now 
known in thofe countries ; but they may be found 
among the figures of Indian plants. 

M. Leibnitz conceives, that a kind of earth 
has covered lakes and meadows, and buried there- 
in fifhes and plants ; or that fome muddy water, 
filled with earth, has covered them, or carried 
them away. This earth has fince hardened into 
flate, and the length of time, or fome other 
caufe, has dettroyed the delicate fubftance of the 
fifli or plant, near in the fame manner as the bo- 
dies of flies, or ants, which are inclolcd in yel- 
low amber, have been wafted, whereof nothing 
* Pa^e 171 of this volume. + Page 1 3 of tke feme. 

pal- 
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j)alpable remains, but fimpk delineations only, 
'tiie matter of the fifh or of the plant being coi>- 
fumed, has left its form impreffed on the flate, 
by means of the cavity which remained therein ; 
and this cavity was at laft filled up with a metal- 
lic matter, whether a fubterranous fire baking the 
earth into a (late, has expelled the metal that was 
mixed with it, or that a metallic vapour penetra- 
ting the flate, has fixed itfelf in thefe cavities. M. 
Leibnitz addsj that this efFeft may be imitated 
by a pretty curious operation. Take a fpider, or 
any other fuch-like animal, and wrap it up in 
clay, leaving a hole open from the outfide into 
the cavity. Put the mafs into the fire to harden 
it 5 the fubftance of the animal will be reduced 
to afhes, which may be waflied out by fome li- 
quor. After which pour into the hole melted 
filver, which being cold, within the mafs will 
ht found the figure of the animal, well enough re« 
prefentcd in filvcr. 

Many authors have called thefc forts of repre- 
fentations of fiflies, or of plants in ftones, fporis 
of nature^ but that is only a meer poctick idea, 
which does not fuit with fuch a philofopher as M. 
Leibnitz. If nature fported, it would be with 
more freedom ; fhe would -not confine herfelf to 
expreis fo exaftly the fmallefl: ^ features of the 
original ; and what is more remarkable, preferve 
iucb true dimenfions. When this exadnefs is not 
fbqnd, it may be fport ; that is, difpofitions 
which are in fbme fort accidental. It is true, 
that a reprefentation of an Indian plant in a Ger- 
man ftone, feems at firfl: contrary to the fyftem of 
M. Leibnitz. But that the plant reprefented fhould 
be found in the Indies^ favours much the opinion, 
that there is no wantonnefs therein. It is eafy 
to imagine many accidents, whereby a plant may 

Z z 2 -^ have 
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have been brought from the Indies into Germany^ 
even in thofe times when there was no.conr- 
merce between thefe countries by navigation •, and 
it appears by fcveral marks, that there has been 
great changes in nature on the furface of the 
earth. M. Leibnitz thinks the fea once almoft 
covered the whole, and that afterwards a great 
part of its waters made a paflage into thofe hol- 
low abyffes which are within our globe. From 
thence proceeds the (hells of the mountains. But 
the whole of this fubje^ dderves a more ample 
diicuiTion. 

XIII. Of an egg within an egg, 

M. Mery fliewed a hen's egg boiled, in the 
white of which was inclofed another little egg, 
covered with its fhell and inward membrane^ and 
filled with a white matter, without yolk. As 
this little egg had been given when boiled to M. 
Meryy he could not obferve whether it had a 
fperm. 

XIV. Of the Jlo?nach of a dog found in the 
thorax. 

M. Littre differing a dog, was much fur- 
prized to find his ftomach in the thorax, and 
placed above the diaphragm. Inftead of the hole 
through which the cefophagus crojfles the dia- 
phragm to go into the ftomach, there was a 
great fiflure, rhe lips of which were cicatrized, 
and feemed to have been a long time (b, and in- 
ftead of the cefophagus^ the gut duodenum went 
through this hole. As it is always faftened to the 
inferior orifice of the ftomach, it followed it into 
the cavity of die thorax^ which it could not do, 

without 
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iVithout being ftretched and flatted. M. Li lire 
would fee whether the ftomach could paft thro 
tht HiTure in the diaphragm, but it was too little ; 
and after he had made an incifipn therein, the 
ftomach fell into its natural place, and the afopha-' 
gus was long enough not to hinder it, which 
ihews that the ftomach had at firft been in its 
right fituation, but fome violent accident had re- 
moved it by a rent or flit in the diaphragm^ 
which afterwards flirunk when it cicatrized ♦ 

But what could this accident be ? M. Littre 
gueflTes two, either an extraordinary convulfion of 
the cefophagus^ which by contracting had drawn 
the ftomach towards it ; or ah extreme contrac- 
tion of the diaphragm, and at the fame time 
of the mufcles of the belly ; for thefe forces be- 
ing oppofite, the ftomach, thruft: downward by 
the diaphragm, and upward by the mufcles of the 
belly, muft go upward, even tearing the dia- 
phragm, whofe refiftance is naturally lefs than 
the force of the mufcles, which a<9b againft it. It 
may alfo be fuppofed, that this ftomach was theft 
fuUof folid food, which muft have added ftrength 
to its a£tion againft the diaphragm. 

However, this ftomach being now not placed 
between the diaphragm and the mufcles of the 
belly, thefe mufcles could no longer, as ufual, 
concur with it by their contraftion in pounding 
the food, and driving it into the guts. They 
muft therefore remain too long in the ftomach, 
and thereby contraft fome vice. Befides the duo- 
denum being ftretched and flatted, did not give a 
paflage free enough to the digefted food. Inr 
Ihort, the heart and lungs were much difordered 
•in their motion by this ftomach, which took up 
its lodging in the thorax. From all which it 
may be eafily concluded, was it no otherwife 
2 known ; 
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Philosophical Memoirs of the Koyal 
Academy of Sciences at Paris^ foar 
the Year 1706. 

I. Objervations on the quantity of rain-'wa'' 
ter^ which fell at the obferoatory during 
the year 1705, and on the height ^of toe 
thermometer and barometer^ by M. de la 
Hire*, 

I Made obfervationsonthequantity of rain-water 
which fell at the obfervatory throughout the 
year 1 705, in the ll\me manner as on the prc- 
ceeding years. I found the height of rain-water 
in the month of 

Lines. Lines 

Jan. 5 ;;- July 2 \ 

Feb. 8 Aug. 19 

Mar. 7 -J Sept. 16 | 

Apr. 23 i Oftob. 27 I 

May 4 T Nov. 13 ^ 

June 15 f Dec. 23 \ 

The quantity of water in height has therefore 
been this year 166 lines ;J, or 13 inches, 10 line$ 
], which is not much more than two thirds of 
what commonly falls ; which, by the comparifon 
for many year5:, I have efteemed to be 19 inches, 
f have not met with fo great a drought as this, 
during the many years I have made thefe obfer- 

* June 9, i7C^>. 
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vations : yet has the harveft been plentiful enough, 
which may be attributed to the great rains in the 
month of Aprils which fufiiciently fupplied the 
earth with moifture againft the following drought. 
, The three fummer months, which commonly 
furnilh as much water as all the reft of the year, 
by reafon of ftorms and pouring rains, gave but 
37 lines 5, and July furniftied but 3 lines. Nor 
was it the great rains of this feafon, which con- 
tributed to the fruitfulncfs of the earth ; for they 
rife again in vapours almoft as foon as they fall, 
and part of them run off without penetrating 
deep. 

The winds were in January very changeable. 
All the beginning oi February they were eafterly, 
fometimes inclining ro the N. and fometimes to 
the S. and at the end towards the W. In March^ 
the wind was almoft always at the E. fometimes 
palling to the N. and fometimes to the S. In 
Aprily the governing wind was about S. W. In 
May^ the wind reigned in the N. fometimes 
varying towards the W. In the firft half of 
Junej the wind was as in M^, and without rain ; 
but the 14th, it began to rain till the 1 7th with a N. 
wind afterwards N. W. and S.W. and there fell 1 1 
lines of water, and the 2 2d, 4 lines, with a little 
ftorm : the reft of the month, the wind was N. 
and N. E. n July^ the governing wind was 
N. and in this month there was very little rain. 
In Augujl^ the wind was almoft always W. and 
S. W. In September^ the governing wind was 
W. varying a little to the S. and N. In Oclober^ 
the wind was often N. inclining fometimes to the 
E. and to the W. In the firft half of November ^ 
the wind was N. and N. E. and in the other 
half S. W. and N. W. In December^ the go- 
verning wind was very high at S. and S. W. 

Vol. II. N''. 22, A a a with 
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with very great violence, and a fort of hurricahes 
rifing two or three times. The 3d of this tnontli 
in the evening, the '.vind was very high Iq the S. 
with thunder j whichj in this country, feldotti 
happens in the winter. h 

There has been no J now this year, fl 

The thermometer with fpirit of wine feald 
hermetically, Which I make life of m meafurt 
the cold and heat, indicated, that the cold in the 
beginning of the year was not confiderabfe, for 
this thermometer fell only to the 25th degrt6j 
Fibruaryi^ and to 30 degrees November 13, wfc 
it froze pretty hard, and immediately it rofe agaii 
to 40 degrees. It always begins to freeze in the^ 
country, when it is fallen to 32. Its mean ftatt, 
as it is in the bottom of the caves oF the obler- 
vatory, is 48 degrees. Thefe caves are 14 toifcs 
under ground, and very near the level of the ri- 
ver, when it is at a mean height. In the morn- 
ing, at the fun-rifing, the greateft height of the 
thermometer was at 6g degfces f , Aug. 18 ; 
but near 3 in the afternoon, when the air oftht 
day was hotteft* the thermometer rofe at the end 
of Juiy^ and the beginning of Jiigujt^ to 75 it- 
grees ; and Angfift 6j it was at io degrtses, thd* \ 
it is fliadcd and expofed to the air in the open 
tower of the obfervatory, which fliewed an «• 
ccflivt heat \ and 1 queftion, whether it has ever 
^cen greater in this country. And moft of die 
thermomecers with Ipirit of wine brokfr, the li* 
quor contained therein having not had room c- 
nough to rife in the top of the tube, which did 
not happen to mine, having fnade it very long, 
that I might cypofe it to the fun. 

It ought to be obJerved, that the gtMteft hc^t 
of the afternoon does not always anfWer to that in 
the mornings through fcvera! p rtienlar r^jfons. 

i By 
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By tbefe obfervations, it is alfo feen^ that thf 
h^^ hfU5 this year I^een in a greater proportion 
thffi the cold I for the thermometer exceeded it? 
mean (t^te in (he heat 32 degrees, and in the col4 
it fell below it only 23 degrees. 

Thefe arc the obfervations on the weight of the 
s^ir, which the barometer has (hewn us. In that 
which I commonly make ufe of, which is one of , 
thofe called fimple, and i$ always placed at the 
height of the great hall of the obfervatory, th& 
quickfilvisr rof^ higheft to 28 inches, 3 lines f 
Feb. 28, with a fmall N. N. E. wind, and it fell 
at loweft to 26 inches, 7 lines | Dec. 20, with a 
W. S. W. wind ; thus the difference of a height 
b^ween the loweft and higheft was i inch, 7 lines 
ii much as ufual. 

. The great elevation of the quickfilver in the 
tube of the barometer fecms commonly to be 
only when the wind is northward ; and on the 
contrary, it almoft always falls loweft when the wind 
is foutherly, and when it is violent and tempef- 
tqous 5 yet theie are particular caufes which may 
P9ake the air heavier or lighter, tho* the wind is 
Dpither northward or fouthward. Therefore the 
ci)fervations of the barometer are not to be too 
much depended upon concerning what the wear 
ther will be. 

I fhall here obferve by the way, that there are 
fome barometers in which the quickfilycr rifea 
much higher than in others, at the fame ti^lfi 
and at the fame place, though they are made 
with great care. In that which I commonly 
make ufe of, the obfervatjons which I have now 
related, the quickfilver is always 3 lines i lower 
than in another of mine, which is that wherein 
the light was firft obferved in the vacuum at the 
top of the tube, by agitating the quickfilver, 
A a a 2 though 
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though in the other there appears to be feme al(b. 
But if in the thermometer, wherein the qukk- 
filver does not rife fo high, the grofs air has not 
been fo exaftly evacuated as in the other, by 
reaion perhaps of the great length of its tube, it 
will follow, that it is not neceffary that the quick- 
filver Ihould be exadly cleanfed from air to make 
the light appear in the vacuum. In ftiorr, after 
all the experiments we have made on barome- 
ters with different quickfilver in the lame tube, 
and different tubes with the fame quickfilver, it 
feems neceflfary to believe, that the diflferent 
heights of the quickfilver in the tubes of barome- 
ters, proceed only from the nature of the glafe, 
whofe pores are not equally clofe, and that the 
air is not only compofed of two diflferent mat- 
ters, one of which is altt^ether grofs, and the 
other fubtile ; but that the particles of the grofs 
matter differing in their fize, even till they be- 
come fubtile, the pores of feme glaffes fuffers 
this lefs grofs'Hiatter to pafs, which by its weight 
makes the quickfilver in the tube fall a little. 
This hypothefis feems confirmed by one of the laft 
expcfriments, made by M. Amontons at the aca- 
demy, with the barrel of a gun well foldered at 
one end, inftead of a glafs tube, wherein it was 
obferved, that the quickfilver flood much lower 
than in a common glafs, perhaps becaufe the 
pores of iron are much greater that thofe of 
gkf. 

I obferved the declination of the needle g" 35 ' 
towards the W. the lafl day of Dec. 1 705, with 
the fame needle and in the fame place, where 
I have obferved it many years, and with the fame 
circLimltanccs, as I have related in other me- 
moirs. 

II. 
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IL Obfervations on the rain and wind ^ made 
in the year 1705, at the caftle of Pont- 
\^x\zxAyJttuated tnjbo leagues from St. Malo 
in Bretagne *. 

• The obfervations on the rain and wind, made 
at the caftle of Ponthriandy two leagues from S. 
JMalo in Bretagne^ may be feen in the memoirs 
of the year 1704. 

This is the continuation of thefe obfervations, 
made by M. Pontbriand with great exaftnefs in 
riie fame place during the year 1705, fent by 
him to M. du Torar of the royal academy of 
jfciences, in order to be communicated to the aca- 
demy, and compared with the obfervations made 
at Parisy by M. de la Hire. 

JANUARY. 

Days. Rain-water. Winds. 

Lines. 
S 2 ' North N.E. 

10 2 S.S.E. 

11 li S.S.W. 

12 li W.N.W. 

13 3i N.N.W. 

14 \k W.N.W. 

17 il E.N.E. 

19 ^ of E.N.E. 



Total 14 lines. 



? Jan. 9, 1 706. 



FE- 
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FEBRUARY. 
Dofs, Rain-water, Wimis. 



5 2 EaftS.E. 

lo 1 — N.N.E. 

13 oi N.W. 

14 2 N.N.W. 

16 2f S.S.W. 

17 oi ^ S.S.W. 

18 ^i E.S.E. 

25 i\ E.N.E. 

28 0% E.N.E. 



Total 13 lines. 
MARCH. 

Days. Rain-waltr. IFinds. 

Lines. 

4 3r North-Eaft. 

8 oi S.S.W. 

10 o\ S.S.W, 

13 ii S.S.W. 

14 o\ S.S.F.. 

24 Ii — S.E. 

25 If S.E. 

26 3A ^ S.S.W. 

27 5 S.S.W. 

28 oi S.S.W. 

29 31 S.E. 

30 of N.E. 

31 of N.E. 

Total 23^ lines. 

APRIL 
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Days. 



>3 
i6 

>7 



D«7J. 



3 
6 

lO 



7 

21 

23 
24 

27 
31 



JUNE. 

Rain-water. 

Lines. 

-4i - 

-0$ 

— 2 



Winds. 

South-S.W. 

W.S.W. 

W.S.W. 



Total yi lines. 
JULY. 

Rain-water, 
Lines. 

— oi 

— I 

— 2i 

— Of 



HTtnds. 

North. 
N. 

N.W. 
N.W. 



Total 4^ lines. 

AUGUST. 

Rain-water. 
Lines. 



2-*- 

3 

l| 

I 

2f 
I 



mnds. 

South-Weft. 

W.S.W. 

S.W. 

N.W. 

E.S.E. 

W.S.W. 



Total uplines. 



SEP- 



SEPTEMBER. 
DtPfS. Rain-wattr, Winds. 

.— 2 A ' ' ■ North- Weft. 

■ 4 ^ 2i — N.N.W. 

5 — 2 ' W.S.W. 

6 3i W.S.W. 

8 3 N.W. 

• 10 — 1^ ^ S.W. 

15 o^ . N.W.. 

43 . 3 N.N.W. 



Total 1 8 lines. 

OCTOBER. 

Days. Rain-water, Winds, • 

Lines. 

6 — 51 „ - , North- Weft, 

12 I — N.W. 

13 I N.W. 

14 of —. N.W. 

15 2 S.S.W.. 

16 — ok — S.S.W. 

17 — 31 S.S.W. 

18 — 6\ . S.S.W. 

19 , 3 , — -. S.S.W. 

29 2 s.s.w. 

30 ' 3 >— N.W. 

31 3 N.W. 



Total 31^ lines. 
Vot.n. N9 22. Bbb NO- 
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NOVEMBER. 

Days. Rain-water. JVinis. 

Lines. 

2 3 Eaft. 

3 2f N.E. 



4 I 



15 



N.E. 



9 o| N.E. 

15 If E.SJ1. 

18 n N.E. 



20 I N.W. 

21 oi S.W. 

22 oi ' N.W. 

25 31 N.W. 

26 oi N.W. 

28 — of N.N.W. 

29 ' ■ — 5 S.W. 

30 41 N.W. 



Total 26 lines \. 
DECEMBER. 

Days. Rain-water. Winds. 

Lines. 



North-Weft. 



I I 

3 5 N.W. 

4 \i ^ W.S.W. 

5 2f N.W. 

6 li S.W. 

3. S.W. 

2i S.S.W. 



10 

13 

14 I S.S.W 



%k S.S.VV. 



16 3 N.W. 

17 2{- 



N.W, 

iS 
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X)ays. Rain-water. PFinds. 

Lines. 

18 — 1% North- Weft, 

19 7 W.S.W. 

20 3i N.W. 

21 2| N.W. 

22 sk S.W. 

24 3 ■ — W.S.W. 

25 3 W.S.W. 

26 : — 4 ^ — W.S.W. 

29 I S.S.W. 

*3o 5 S.S.W. 

31 5 S.S.W. 



Total 75 lines. 

Total quantity of the rain-water, which fell 

at Pontbriandj Lines. 

During the year 1705. 260 

And in the year 1704. 284 

Difference 16 



* On the 30th, there was a violent tempeft, which made 
great confufion in Bretagne, 



B b b 2 IV. 
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III. Other cifervafims en tie rain^ %rtrcb/d 
during the year 1705, at Lyons, mnv- 
nicated to M. Caffini by F. FukhmHi, a 
jefuit *. 





Lines. 




Liuu. 


Jan. 


7 July 




"t 


Feb. 


27 Aug. 




15 


March 


i8| Sepc. 




6J 


April 


loi Oftob. 




47i 


May 


23! Nov. 




t4i 


June 


261 Dec. 




631 






Lin. 


/».!. 




Sum total 


272*. 


or 2% Sf 



In the year 1704 it rained 15 4I 

Difierenoe 7 4 

IV. Obfercations of the barometer and tber-' 
mometer^ made at different places during 
the year 1705, by M,Maraldi -f-; tranjlated 
by M<. Chambers. 

The barometer in the weftcm tower of the 
obfervatory was at its greateft height on the three 
laft days of February^ when we found it at 28 
inches, 3 lines |, the wind blowing at N. and N.E. 
its leaft height was 26 inches, 8 lines i, at which 
we found it on the 19th of December y the wind 
blowing violently at fouth and fouth-eaft, with 
rain, the difference therefore or play of the baro- 
meter this year was i inch, 7 lines. 

The thermometer made by M. Amontons^ fi- 
tuate in the weftern tower of the obfervatory, was 
found on the 2d and 3d of Feb. at 51% ii lines, 

♦ Jan. 16. 1706. f The fame date. 

which 
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which was itsleaft height. By the obfervations 

made at Genoa^ by the marquis Salvago with t 
thermometer, like ours, the fame* 3d o(Feb. was 
alfothe time when it was loweft at that city, being 
there at52%iolin. which isalmoft a degree higher 

than at Paris. By the obfervations made 

It Lyons^ the thermometer was alfo found at its 
loweft pitch for this year on the fame 3d of Fe^ 
bruary. 

At Paris^ the thermometer was found at its 
higheft pitch for this year on the 6th oiAug. when 
it rofe to 5y\ 3 lines, the wind blowing at 
fouth-eaft. On this day a thermometer of M, 
Caffini^ which had ftood 35 years, burft, by rea- 
fon the liquor rofe all into the tube, where wanc« 
ing room for other rarefadtion, the glafs waa 
forced to give way* At Genoa^ a thermo- 
meter of M. Amontons rofe on the 2d and 3d of 
Auguji to its higheft pitch for this year, which was 
56 \ 8 lines, the wind blowing at north ; fb that 
the thermometer did not rife io high at Genoa 
this year as at Paris^ by | a degree. — At Lyons^ 
the thermometer rofe to its ftate on the 8th rf 
Augujly two days later than at P^m.—- At Mont^ 
peliiery M. Bvn found one of M. Amontons ther- 
mometers rife to its higheft ftate, which was 
58% 2 lines, on the 30th oiJuly\ fo that at M^»/- 
pellier^ it was almoft a degree higher than at 
Paris^ the vehement heat of this day burnt moft 
of the vines ; and it was obferved^ that upon ex- 
pofing the thermometer 28' — to the naked fqn, 
it rofe to its hrgheft pitch poffiblc; that is, to 75 
inches, which is the degree laid down by M. A- 
montons for the beat of boiling waicr* 



V. 
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y. Remarks on the bivalve Jfhellsy and fir jl 
concerning mufcleSy by M. Poupart *> tran^ 
Jldit&dby Mr. Chambers, 

Mufcles afe a Icind of little fifhes, lodged be- 
tween two (hells, which are uiually concave and 
convex. 

There are both fea and river mufcles ; the latter, 
are divided into feveral fpecics ; fome whereof wc 
fliall take occafion to confider hereafter. 

They all open, fhut, walk, and fome of them 
float on the water. They all likewife creep half 
out of their (hells, and back again. Add that 
all of them (hed their milt, and breathe, or ra- 
ther draw \xi the water with their gills, and hide 
themfelves in the fand or mud alike. 

How they open their Jhtlls. 

Shell fifhes, in all probability, were the fiift 
fifhes that mankind knew, or bethought them- 
felves of eating -, for it was a good while ere the 
line, hook, net, and other utenfils of fifhing 
were invented. But for the (hell-kind, the fea 
fpontaneoufly cafts them afhore > fo that nothing 
v/as required of the firft people, but to (loop and 
take them up. The manner, however, of their 
opening has not been yet difcovered ; tho* a very 
able Dutch anatomift has fought it with great 
pains, as appears in his treatife upon the anatomy 
of the mufcle. This fhews, that the fimpleft and 
leafl intricate things are fometimes the moft dif- 
jficulc to difcover. 

All the kinds of mufcles, and even all (hell- 
filhes with a double (hell, have a fort of leather 
ligament, which binds the two (hells together at 
* Feb. 20, 1706. 

the 
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the pofterior and thicker part, called the heel 
thereof. And *tis by the fpring of this ligament, 
that the (hells are opened. This ligament is the 
more extraordinary, as it has two feemingly op- 
pofite efFefts, both to keep the fhells clofe toge- 
ther, and to open them. The manner hereof is 
as follows. ♦ 

When the mufcle, or other fiflb, clofes its fliell, 
by contracting the mufcles thereof, the ligament, 
which is between the edges of what we call the 
heel, becomes compreffed of courfe; and thus 
remains fo long as the mufcles remain in a (late 
of contraftion. But this ligament, tho* very 
hard, is yet fomewhat fpongeous ; fo that coming 
to fwell, upon a relaxation of the mufcles, it 
thrufts the two (hells afunder, and makes them 
open a little. 

Different kinds of fi(hes have different liga- 
ments, that of the river mufcle is a kind of hinge 
fattened externally on the edge of the two (hells, 
and reaching outwards. It would not be well 
inclofed between the edges of the (hells, tho* 
lince in fuch as have a ginglimus to be mentioned 
hereafter, it would cover and render it ufele(s, 
and in fuch as have none, the edges are too thin 
to contain the whole ligament. 

The ligament of the fea-mufcle differs from 
the river- kind, in that h is not fattened behind 
the (hells, but partly between the edges, fo as none 
of it fcomes without, but a litde of it hangs over 
within the (hell, by reafon the edges are not 
thick enough to hold it all. To fupply in fome 
mcafure this defeft, it is furrounded with two 
firings, ftrongly fa(tened on the inner edges of the 
(hell, whofe thicknefs is increafed hereby. Thefe 
ftrings are hard and porous, and feem fupcr- 
addcd to the (hell, and of a different fubftance, 

'cia 



37^ TbeiiisroRY and MEMoiz^oftl^ 

Ws probable, that the tracks graven in chcm are 
not alc(^ether uieleis, tho? I have not yet difco- 
vered what purpofe they may lenre. The office of! 
the ftrings dbemlelves, b to give thicknefe to the 
edges of the fhell, and hereby enable theno bet- 
ter to comprels the ligament between them, which 
the bare edges of the fhell could not do^ as be- 
ing too thin, and confequendy their compreflion 
too weak to occalion a fpring fuffident to open 

the mufcle. The ligament that opens the 

oyfter's fhell is very different from tfai^ of the 
mufcle-kiad ; it does not enter at all withm the 
cavity of the fhell, as that of the fea-mufck does i 
nor does it reach without it, like that of the ri* 
ver*mufcle, but is inclofed in the heel between 
the fhells, where there is room enough to hold it. 

It is fhaped like a crefcent, whofe back or 
thickefl part is turned towards the cavity of the 
fhell, the horns or flendereft parts looking out- 
wards, and the middle fpace filled with a fun- 
gous matter. Hence the fhells finding mdSt re- 
fiftance in preQlng upon the thickefl: part, its 
fpring or elaflicity muft be greateft: on that fide 
the fhells are to open on. It muft be added, 
-that this ligament does not reach to the dp of the 
heel, but leaves a little vacancy there, that the 
Ihelk may have a liberty to open. 

The matter of this ligament in oyflers is not 
altogether the fame with that of mufcles, but more 
coriacious and dry. The ligament of the fca 
and river-mufcle is very fliff and brittle ; fo that 
if left a little out of water, it breaks upon the 
leafl opening or fhutting of the mufcle. There 
is indeed a neceflity for its being dry ; for being 
always in water, it would otherwife be fo foftened, 
as to loofe all its fpring, whereas now it only 
foftens like a ftrong piece of leather, and they 
I eafily 
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eafily bends or ftfaitens again, without breaking 
when the contraAion or relaxation of the. mufcle 
requires it, even the whole mufcle may be opened 
without breaking the ligament. 

It would be curious enough to examine the fe- 
Veral ligaments which open the various forts of 
Ihell-fifhes, no doubt many things would be found 
therein very Angular and extraordinary. This I 
note in favour of fuch as take delight in unfolding , 
the fmaileft myftcries of nature, whofe curiofity 
(houid always have fomething left it to be em* 
ployed upon. 

The manner bow mufclesjhut. 

All mufcles clofe their fhells by the contraftioa 
of two large fibrous mufcles fattened withinfide 
each end of the (hells, which mufcles are too 
well known to need further defcription, I Ihall 
only add^ that the (hells (hut fo clofe, that water 
can hardly pafs them : the nfanner of their (hut- 
ting is as follows. 

The (hells of all mufcles are bordered round 
with a kind of membrane, which may be called 
their epidermis^ as being a continuation of the ex- 
terior 7?r^/««i of fuch fliells. Thefe membranes 
fit fo clofe to each other, that when moiftened, 
the fmaileft drop of water cannot efcape from 
the mufcle, without an expedient of this kind, it 
had been difficult fo to form the edges of hard 
thin brittle (hells, as to render them impervious 
to water. 

Be(ide this membrane round the inner edge of 
each (hell runs a ligament, which bearing one a- 
gainft another, when the (hells are (hut, proves 
. likewife an obftacle to the water's efcaping, and 
even hinders the edges of the (hells from break- 
ing by the violent contradion of the mufcles. 

Vol. II, N^. 22, Ccc Some 
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Some mufcle-flielts are not only bound together 
by the contraftion ef their muibles, and by the 
fprmgy ligament above* mentioned, but likewifc 
by long grooves or formes, wliich receive a fore 
of tongues, or flips in their whole length. At. 
the eiKi of thefe grooves, invmediately UDder the ' 
heel, is a dented p^^, "mhiich enters a denied ca- 
vity of the other fhell ; on the edges of which 
cavity are two little dented en*iinence5j whiA are 
like wife received in two Iktie dented cavities of 
the other (hell, the dentile of the epiphyfis and] 
cavities thus mutually receiving each orfier like J 
thofe of the cranium. 

But this ginglymus is not found in all the forrs' 
of mufcles j the fea-mufclej that larger kind found 
in ponds, which fome times grows a foot long, 
and that other which I clenominate the creftcd 
kind, from an eminence in form of a cock*s comb ^ 
near the heel, have no fuch articulation, 

Of ihe progrfffive moltan of mufdts^ 
From the ftrudure of miricleSs one would ima- 
gine they fhould have ne oiher motion but what 
ihey receive from that of the water \ and yet they 
all walk, and fome of t-henn floaEon the furface i " 
the water \ their manner of walking isrhus : 

Being laid on the fijit fide of their fhells, they 
iflue partly out of the fame, in figure of a tongucj' 
and make little vibrations therewith, to dig ili^ 
fand or mud of the river. In thus digging, the _ 
dip gradually on one fide, till at length they are 
found on the edge of the fhell, with their bacl^ 
or heels upwards. In this ftate they gradual!} 
advance their head *, thut is, the [ip of the tongud 
above-faid, for a minute or two, and then bea^ 
or reft lipon it, in onitf to draw the fliell toward 
rhe fame, much as water* fnaits ar« fometimcs" 



km to do. They iPepeat fihls< motion fi> loog as 
they are cH^o&d to w^tk y mA ihii9 form a (bix of 
irregular trails, whicbare (brnetimes^ er4 yxd^ 
long, in which they ]ay half hid. 

In the fumroer time, we find ftor^ of thefe 
tracks in rivers where miifcfcs abound^, and never 
mife of a uiufcfe at the end of each tra<9:. *T)A^ 
in this nuiu3er the& Ectle Eflies^ feek their living, 
walking this way and that, whh the heel fore- 
moft, and ftill plowing the ground with- the ed^ 
of their fhells. 

Thefe hollow tracks ferve aS' refts «> foftam the* 
mufcleson the edge of their (hells, and may like- 
wife probably ferve to catch and detain the fpaw» 
of fome fifties, or other kinds of food proper 
for them. 

One would think it had been . better, if the 
point of the (hell had gone before the heel, fince' 
being thinner and (harper, it would have been 
jitter to dig the ground, like the fliarcof a plow, 
which always goes with the point foremoft. 

I do not find any mufcukr ftrutShire, whereby 
the mufcle (houW be pulted out of its fticll, whiicb 
leads me to imagine, that this is only done bf 
glutting and drkting chemfelves with water. This 
they will fwallow fo plentifully, that I have drawn 
half a glafs full from the pond mufcle. 

One of the n>ofl: confiderable eflfefts of their 
walking is, that by means thereof, they are able 
to meet and rub or fpawn together. 

I have (bund no eggs in any mufcles, yet in the 
fommcr-time, there is both milt and (tore of mu- 
cus in the fime mufcle, which makes me con-i 
jefture, that they may be hermaphrodites. 

The large gland of the creft of the mu 'cle is always 
ful.l of a very white milt in the month of Septem- 
ber^ in which mik there is this remarkable, that 
C c c 2 it 



grumes or 
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it coagulates as foon as thrown in water. Thill 
coagulation makes me imagine, that the mufclej 
does noE caft its fpawn in the water, fince icj 
would hereby be rendered ufelefs for generation J 
I rather fuppofe thefefore, that the mufcle infi-j 
nuates its milt into another mufcle, at the time of 
propagation. There is even rcalon to fuppofe, that 
the fame happens in other fifhcs, and that they dc 
not Caft their milt in the water, as is vulgarly«| 
imagined. 

To fee this miJt, the large gland of the crefted ' 
mufcle, which makes the firmer and better part 
ofthefith, mud be cue in two, upon which a 
flux thereof will be leen, as if the whole hajj 
been melted down, gathering this mik with 
knife- blade, and prefently cafting it into the wa-? 
ter^ it inftantly coagulates into little 
clots. 

Of the fiuUrnMg of a kind af mufcle. 

Arifiotle tells us, that he had been informed of 
a large fort of mufcle, which flutters in the wa- 
ter i and we have already obferved, that the phi^j 
lofopher was not deceived. For I have had tlid 
the good fortune to fee the pond-mufcle abovc'^ 
mentioned flyttering after this manner- — Tlifl 
reafon I take to be this. 

This mufcle has a very thin light fliel!, yet fo" 
large that it may beat the furflice of the water, ai 
birds do the air with their wings^ On the back 
of the fliell is a large fpringy ligamenr, and 
within are two ftrong mufcles to Ihut it. This h 
enough to make it flutter \ all required to that 
end, being that thefc fprings aft readily one 
after the orher, and ftrike the air with fufficicnt 
velocity and llrength. What favours this modon 
ftill more is^ chat the ginglymus found in oihtt 

ihclk 
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fhclUfiflies which do not flutter, is not fcen in 
this, which would prove an impediment, 

7be manner bow mufcles bury tbemfelves in ibe 
fand. 
When the mufcles find it cold they bury tbem- 
felves in the fand, and to that end they detach a 
part out of their fliclls in figure of a tongue, 
which they drag gently this way and that to 
move the fand; till in half an hour^s time they 
become wholly covered therewith. 

How the mufcles re- enter tbeir Jbells. 
The mufcles are enabled to return in their 
fliells by means of a mufcular membrane, where- 
with the large gland, already obfcrved to iffue 
from the fliell in figure of a tongue, is wholly 
invefted. When this membrane coQtrafts the 
gland, which is naturally foft and flexile, becomes 
hard and wrinkled, after handling it a little, as 
we find in fnails on the like occafion. , 

Of the ejaculation of its milt. 
There is a deal of probability, that it is the 
contraftion of the mufcular membrane a;bove- 
mentioned, that occafions the milt to ifliie from 
the large gland through little pores, or canals, vi- 
fible therein when it is fwelled with water ; for 
upon comprefljng, we find the water dart in little 
threads co a good diftance therefrom. 

Of the voiding its excrements. 
As to the voiding its excrements, we fuppofb 
it efFeded by the contraction of the circular muf- 
cles of the inteftine, which are very numerous, 
and difpofed in bundles. To fee them, the intef- 
tine muft be cut lengthways, the excrements 

taken 



386 XheHisTORY and Memoiks of tbe 

UuU; the (hells are only membrane condenied and 
hardened ; and the fame likewife holds of bones, 
which in fome difeafes, become as fofc as cloth. 

/fe explanation of the figures j tranflated lyJ.M. 

Plate VI. Fig. I. A river mufcle. of which the 
elaftic ligament *i which mak^ the mufcle open, 
is faftened externally to the hed of the fhell. 

Fig. 2. A fea mufcle, of which the elaftic li- 
gament *, which makes the fhell open, appears 
only internally toward its heel. 

-f^?' 3' An oifter,of which the elaftic ligament*, 
which makes it open, is hidden between the two 
ihelis of the oifter. 

Pig. 4. A mufcle, which I have called crefted, 
becaufe it has a procefs * in ^the heel, in form of 
a creft. 

Fig. 5. The tracks, which the mufcles make 
and leave behind them, when they make their 
progreflive motion in the mud or fand of the 
rivers. 

VI. jh extraSt of the obfervations made in 
December, 1705, by S. Bianchini, upon 
fbme fires feen on one of the Appenine 
mountains y by M. Caffini, jun. * tranfiated 
by Mr. Chambers. 

In the way from Boulogne to Florence through the 
diftrift of Pietra Mala, flames are commonly per- 
ceived on the dcfcent of a raountain. S. Bian- 
chini^ who had frequently obferved them at a 
diftance, refolving at length to go nearer and ex- 
amine them, gives us the following account. 

• Aug. 7, 1706. 
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After feeing a living flame arife without inter- 
ruption, and without any matter to fuftain it ci- 
ther than what it receives from the fituation of the 
fubterraneous places, found in the mountain of 
Pielra Mala^ I make no doubt, but that the ufe of* 
fire in our arts was ift communicated and rendered 
durable by fomeof thefe natural mines, orfprings 
of flame, obferved in this moUntain.-^» — - About 
the flames, I found fnow and ice^ not above 4 
feet diftant, which continued till about noon. I 
had feveral Grangers with me, who had the fame 
curiofity for examining, and we had a guide, 
who was to look to our horfes at the top of the 
mountain of Pietra Mala, from whence we af- 
cended on foot in a fouthern direftion, for the 
fpace of about two mile§, leaving the great road 
on the right, and defcending the other fide of the 
mountain by a narrow path, which ended in a 
plain, capable of being cultivated. In the mid- 
dle of certain plowed grounds, We perceived 
a road, from whence arofe feveral little flames, 
which feemed about half a foot above the ground^ 
as i/ they arofe from wood or coal. The place 
where thefe flames are found, is 8 Roman feet 
broad, and 16 long, and is tapable of being 
meafured as well as other parts of the field, it 
being eafy to walk about, and even over the 
flame, without fear of falling into any hole or 
cavern, as on mount VefuviuSj the foil is here 
quite difcontinuous, and diflers in nothing from 
the reft, excepting that the vein of fire renders 
it fomewhat firmer, and gives it more of an aduft 
colour. I fay the vein of fire, as not knowing 
how otherwife to call this unknown matter, which 
produces fo many diff^erent flames difperfed here 
and there, in twenty feveral places, all within 
^iie compafs of 130 feet fquare. I judged it need- 
VoL. II. N^22: Ddd Icfs 
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Icls to count each of them apart, (ince one may 
make flames arife from every fpot of the whole 
compafs, either by ftriking the ground (lightly, 
with a (tick or other body, or by throwing (traw, 
paj)er, or other combuftible matter thereon. 

Yet when fuch combuftiblts were laid in a 
place at a diftance from the flames, this did not 
hinder their taking fire, much as paper or lin- 
nen would have done, by caftirg them on a red- 
hot iron. In fine, we oblcrve that one of the 
flames thus produced, after it had confumed the 
matter thrown on it, continued ftill burning, 
being fed with fomcthing elfe fupplied by tb& 
foil. 

We caft branches of thorns and other fhrubs, 
gethered for the purpofe, as we came on thcfe 
flames, and found them burn as readily, as when 
thrown on a common fire, and obferving fome 
lumps of fnow, not yet melted, within two feet 
of the flame, and finding pieces of ice under the 
fnow at 4 feet diftance from the flame, it not 
only put me in mind of what the poet faid, fpeak- 
ing of VTiOunt ^"Eina, with its fnows and fires; 
Scil nivibus Jervare Jidem \ but I had a mind to 
make the experiment of cafting fnow and ice into 
the flame, I did it accordingly, and found them 
diflblve in a moment, as if they had been caft 
upon a common fire. The flame however was 
not extinguiflicd thereby ; but, on the contrary, 
appeared more vivid, and fpread more forcibly 
around. 

While we made thefe experiments, all about 
the place we perceived a very agreeable odor, 
which feemcd to ifiiae from this burning foil, and 
was much like what arifes upon burning fome 
odoriferous wood, as calambouc. This odor was 
niofl: fenfible, when we flood oppolite to the 

fun 
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fun, or at fome little breeze in her face, which' 
increafed the flame, I gathered fome pieces of 
ftpnes near the flame, and a handful of duft of 
the ground, which being rubbed againft each 
other, produced flame, and yielded the like 
odor as, that above-mentioned. Thefe ftones were 
fo hot at firft, that one could hardly bear them 
in the hand, and they preferved their heat for ^ 
. of an hour, and their fmell much longer. 

Having made 'thefe e>?pcriments, which ap^ 
peared fuflicient to fatisfy our curiofity as to the, 
firft communication of fire, and may afford 
fcope enough for philofophifing upon fo extraor- 
dinary an efftft, we refumed our journey to^ 
wards Fiorenzola. 

Refieclions on the foregoing obfervations. 

This fire, obferved by S. Bianchini^ bears a 
near relation to that obferved in Dauphini^ by M. 
p^ieulamant^ whereof an account is given ip the 
hiftory for the year 1669. 

There is no vifible fliel of either of the flames, 
though this htter fmells ftrong of fujphur, bev 
fides that it burns moflr in winter and- moifl: wear 
ther. The two fires have this in common, that 
they are on the defcents of mountains, and f«ern 
both to fpring from the ground, Without any ap- 
parent cleft, whereby to communicate with any 
cavern underneath. They are both of them lilce-^ 
wife increafed by moifture and cold weather, as 
rnay appear of the former by the fnpw caft there- 
on, which in thawing augmented the fire. 

The chief diSerence lies in the fml^lli which iit 
the one is fqlphurous, and as it were ardmatic in 
% other, 

Dddz yxi 
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VII, ji differtation on the bammeten and 
thermometers^ iy M, de la Hire, jun. * 
tranjlated by Mr. Chambers. 

We are much obliged to the philofophers of 
the laft age, for haviog found a method of de- 
termining tlie feveral changes which befcl thq 
air, confidcred as a heavy and an elaftic body 
difcovery of the utmoft importance, as it lets us 
inro the reafon of a multitude of ^hasnomeiu, 
which had infinitely perplexed all former natu- 
ralifts, and given rife to I know not what aver- 
Con in nature to a vacuum. 

The cdcbrated Galika^ mathematician to the 
grand duke of ^ufcany^ was tlie firft that ob- 
ferved, that water couldonly rife in a fucking pump 
to the height of 32 feet \ and that if the barrel 
of the pump exceeded this height, fuch excefs 
would remain empty. The conlequence he drew 
from this obfervacion waSj that nature had only 
an averfion for a vacuum at this height, which 
was a conclofion of a piece with the former phi- 
lofophy, 

Taricelli his difciple and fucceflbr made ano* 
ther experiment in the year 1643, taking a glals 
tube 4 feet long, and open only at one end, he 
filled it with mercury, and thus inverted it inta^J 
another veffel full of mercury, the open end beirigflj 
downwards; the efteiT: was, that the mercury in^" 
the cube fpnk fame 20 inches, and left a fpac^ 
in the top, which muft ncccflarily be a vacuum, 

Th(s experiment was communicated by a lertcf^H 
from ha!y to fuher Mtrfenne^ a minim of Paris^^ 
who fpread it thro' all prance^ till at length M, 
^etit-, intendant of the fortifications, having im^ 

f Nov, i|, |70§* 
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parted it to M. PafcaJ, they repeated the expe- 
riment together at Rouen in 1646, and found it 
perfcftiy agreeable to what had been notified from 
Jialy ; on which occafion M. Pafcal made fevc- 
ral other experiments, whereof he formed a book, 
which was publiftied in 1647. The fame year 
he received intelligences that TorUelli had fut 
pefted, that the weight of the air was the caufe 
of the fufpenfion of the mercury in the experi- 
ment above-mentioned, which led him to make 
fome further experiments, by which he was con- 
firmed in the fentiment of Toricellij upon whidi 
he ventured to advance, that all thofe cfFe6U 
which had been attributed to naaire*s abhorrence 
of a vacuum, were only owing to the weight of 
the air, of which he made abundant proof in a 

treatife on that head Such were the epocha, 

and order of the feveral experiments, whereby 
this noble property of the gravity of the air were 
difcovered : we proceed now to a defcription of 
the machines, contrived to difcover its elaftic 
power, beginning with the oldeft, and proccedr 
mg according to the order of time, 

San£lorius^ a celebrated phyfician of Capa^ 
d'ljlria^ bethought himfelf of a machine for diC- 
, covering the different degree? of heat in feverilh 
perfons, which he called a thermometer, not con- 
fidering, as we have all the reafon to imagine; 
that the fame machine might ferve to Ihcw the 
changes which befal the air as its bulk is increafed 
by different degrees of heat ; and that this would 
be of more advantage to the publick, than all its 
application to the bufmefs of medicine. 

This thermometer confifted of two glafs balls, 
fattened to a gkfs tube, bent at the bottom clofc 
to the lower ball ; the upper ball, which had no 
(Qmipqnication with the external air, and all the 

upper 
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upper part of the tube were full of common air« 
and the reft with part of the lower ball, which was 
gpen a top, were filled with aquafecunda. 
From this conftru£tion, it eafily appears, that 
when the air of the upper ball was dilated further 
hf a. greater degree of heat, it would compreis 
the aqua fecunda in the tube, and oblige it to 
defcend ; and on the contrary, would let it rife 
ag^ when the f^tne air can^ to be condenfe4 
into a lefs compais. 

This inftrument, tho* fubjedt to great irregu- 
larities, was allowed very curious by all the learned, 
and put in ufe accordingly, till fuch time as the 
barometer was difcovered, upon which a great, 
defeft was perceived in it, viz. That it aded 
likewife as a barometer, which might frequently 
deftroy all its efFecSt as a thermometer, for that 
the air in the lower ball, communicating with the 
external air, would aft likewife on the liquor, 
and oblige it to rife or fall, according as it fhoul4 
be more or lefs heavy. 

This difcovery of the barometer proved a great 
blow to that of the thermometer; but it lafted 
not long. Some learned men at Florence^ having 
contrived to make another, without the defeft of 
the former. I have not been able to difcpyer any 
date of the tirne when this latter was invented, 
except in Otto Guerick^s book, mtitled. Expert- 
menta Magdeburgicay printed in 1672, wherein 
he mentions its being difcovered about 30 years 
ago ; and in M. Petit^s Dijfertations Academiqties^ 
printed in 167J, wherein the invention is attribu- 
ted to the academy Del CimentOj who firft gave 
the dcfcription and figure thereof in their Saggi 
di naturali efperienze. 

This which (hould be called the FJcrentine 
^rmometer, and which is that.no\Y moft in ufe, 

bein| 
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being found very commodious for all kinds <rf 
experiments, as well as eafily portable, is very 
fimple in its make, confifting only of a glafs ball^ 
to which is fattened a tube hermetically fcaled 
a top, whofe diameter and length arc fo propor- 
tioned to the diameter of the ball, which, with 31 
part of the tube, is to be filled with fpiric of wiftCi 
as that the fpirit, when dilated by the utmoft de* 
gree of heat of our climate, may not quite fill the 
tube, oior when condenfed by the utmoft degree of 
cell, fink wholly into the ball. 

But tho* this thermometer have great advaa* 
tage, it had one confiderable defe6t, which waS| 
that we could not by means hereof compare 
the temperature of the air of one country with 
that of another, unlefs either one and the fanfie 
thermometer were carried into both places, or 
feveral thermometers were divided to the famt 
degrees of heat ; but M. Amentons found a re- 
medy for this, and made the thermometer truly 
univerfal, without changing any thing in its 
ftrudure, by fixing a degree of heat, viz. that 
of boiling water, which is the fame every where^ 
whereby all the other degrees are to be direfted^ 
lb that nothing further feemed defirabJe on this 
head ; yet we find this year a further attempt of 
M. Nuguet, who has publiflied a treatife, intitlcd 
yi New Difcovery of a thermometer^ long fought 
for by the royal academy, free from the defeds 
of other thermometers, and containing all the 
advantages found feparately in all others hitherto 
invented. 

Not to mention, that he had no grounds for 
quoting the academy, as engaged in fuch a re- 
fcarch, we obferve, that his thermometer is much 
like M. Huygensh barometer. It confifts of a 
glafs ball hermetically fealed, and full of aiP, 

condenfed 
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condenfed by the cold of iced water, and of 4^ 
cylindrical tubes, cemented toeach other, which all 
together make only one finglc bent tube, the bend 
being downwiirds* This tube is filled like the 
double barometer^ tho* with fomc precautions to 
bcmcndoned hereafter^ by which means thefpacc 
from the top of this tube to the middle of the 
firft tube, is emptied of grofs air i the reft of the 
fpacc, as far as the middle of the third tube, which 
is over the bend in the other branch, being full 
of mercury. LaftJy, over the mercury there is 
fpirit of wine, as far as the middle of the founh 
tube, to whofe top the ball is taftened, which is 

full of air as well as the reft of this tube* > 

Now, from this flrufture it eafily follows, that 
as the heat increafes, the fpirit of wine muft 
defcend, and rife again as the cold returns, by 
reafon the air in the ball^ and part of the tube 
being dilated by the large heat, will oblige the 
Ipirit of wine to defcend, and when condenfcd 
again by the cold, will leave the fpirit at liberty 
to re-afcend j but neither this ftrudure, nor man* 
ner of filling, I doubt, will appear fo fimple as 
that of the Florentine tliermometer. Let us now 
fte, how he fix's the ratio of his tubes, upon 
Tffhich the whole ftrufture of his thermometer dc* 
pends. 

The proportion which he has taken between 
the tube, wherein the fpirit of wine moves^ and 
the other tubes, wherein the mercury h contained, 
and between the weight of fpirit ot wine and that, 
of mercury is fuch, that when the liquor is at 
rived at the top of the third tube, which denotes ' 
the extreme heat of fummer, the air in the ball , 
will fupport 4 inches of mercury more than 
will fupport when the fame liquor arrives at thel 
eatrance of tlie ball, which denotes the grea^ft 

degree 
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degree of cold. The reafon he gives for thk pro- 
portion is, that the inclofed air will, by the high- 
eft degree of the fummer's heat, be able to fuftain 
4 inches of mercury more than it fuftaihs in the 
greateft winter's cold. 

This paffage, which is taken from his own 
writing, will afford room for feveral obfervaiions. 
— — — I ft. That he fays nothing of the dia- 
meter of the ball, wherein the air is inclofed, 
which it ought by all means to be confidered, 
fince by fome experiments, which we have made, 
it appears, that different bulks of inclofed air, 
when expofed to the fame degree of hear, will 
fuftain the mercury at different heights ; whence 
will arife a neceflity of making thofe balls per- 
feftly. equal in all his thermometers, and the 
tubes equal likewife, or in the fame proportion, 
which is almoft impoflible in the execution. 

2dly, That he does not mention in what part 
of the earth the difference between the utmoft 
funimer's heat, and the winter's cold, will fuflain 
4 inches of mercury ; and if, as we fuppofe, he 
means it at PariSy where the terms of heat and 
cold have lately been fettled, yet to have any of 
thefe thermometers of ufe in other countries, they 
muft be made there on purpofe ; thofe made at 
Paris being ufclefs, by reafon the greateft degrees 
of heat and cold, whereon the whole ftrufture is 
found,change according to the country>which will 
induce a neceffuy of finding and fixing them, 
which is no fmall difficulty. 

3dly, He fhould have expreffed whether this 
air, which is able to fuftain 4 inches of mercury 
more in fummer than in winter, be inclofed in a 
ftate of condenfation, fince, from his account, it 
does not appear, that this air is condenfcd -, and 

Vol. II. N''.22. E e e yet 
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Yet that in the ball of his thermometer is con- 
denfed by the cold of freezing water, which leads 
us into a great difficulty, by reafon the air where- 
on his thermometer is built feems of one kind, 
and that in the ball of another, and yet he feems 
to infer. the efFcd which the latter will produce 
from that produced by the former. 

4thly, That ice or freezing water will always 
be neceffary for the making of his thermometers. 
5thly, That regard mull be had in making his 
thermometers to the different heights of the at- 
mofphere, which occafion alterations in the body 
of air. 

6thly, That notice muft likewife be taken of 
the degree of drynefs or moifture of the air, 
which may produce fome alterations in his ther- 
mometer. 

We proceed now to examine the precautions 

wherewith this thermometer is to be filled, 

Ere the extremity of the ball be fealed, care muft 
be taken that the fpirit of wine contained in the 
tube, which is joined to the ball, correfpond by 
its upper part to the degree of the fcale of the 
common thermometer, which exaftly expreffcs 
the degree of cold of freezing water, wherein 
they are plunged -, and fince he proportions the 
quantities of water and ice in fuch a manner, as 
that the cold arifing from the mixture of the two, 
may fuffice to make the liquor in the common 
thermometer fink to the 34th degree of its fcale, 
he introduces the fpirit into this tube, till fuch 
time as its upper extremity correfpond to a point, 
which expreffes the 33d degree of the fcale of his 
themometer. 

•Tis evident, that in this method of filling his 
thermometer, he will always need one of the Flo- 

rentinc 
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renfine thermometers, and that it can never be 
univerfal, fince only thofe made by the fame com- 
mon thermometer will be capable of being com- 
pared together, for fuppofmg them equal in 
ev^f thing elfe, the 33d degree of ail the com- 
mon ones will, never exprefs the fame degree of 
cold, as this degree is not determined by any fixed 
uniform caufe. 

Thus much for the general difficulty in the 
ftrufture of M. Nuguet^s thermometer: I fliall 
now proceed to a comparifon of its efFefts, with 
thofe of a very good Florentine thermometer, 
. which has been ufed by my father and felf up- 
wards of 30 years. On the 25th of June^ 

at a quarter paft 2 in the afternoon, the Iky be- 
ing very clear, I expofed the Florentine thermo- 
meter to the fun, in a place perfeftly free from 
wind, and that of M. Nuguet afide of it. This 
latter being placed very perpendicularly, I found 
it fink to 93^ — f , and a few minutes after rife 
again to 89' — |, where it fixed, tho* ftill ex- 
pofed to the fun, by which it appears, that this 
afcent could neither be owing to any cooling of 
the air during the experiment, fince, in that cafe, 
it m* :ft have continued cooling, and confequently 
the fpirit of wine have continued rifing, unlefe 
wefuppofe the air to have only been cooled for a 
few minutes, in which cafe the fun's rays would 
have heated it again, and confequently the fpirit 
muft have funk again, nor to a dimunition of the 
effect of the fun's ray, by reafon of the difference 
of his height above the horizon*, fince, after fink- 
ing to its loweft in a fiiort time, when it began 
to rife again, it Ihould have continued rifing 
to the end of the experiment. The other ther- 
mometer rofe to 86 5 after which there was no 
£ e e 2 fenfible 
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^enfible rife, tho* they both flood in the fun 25' — . 
After which, Iremoved them into a room, which 
\<ras open to the eaft, and into which the fun t:ould 
not play, where when they had ftood long enough 
' to fettle, I found that of M. iV^g-a^?/ rifen to 78*-i|, 
and the other funk but to 64'' — \ ; the difference 
therefore between that of M. Nuguet^ when ex- 
pofed to the fun, and in the room, was 11°, 
which are equivalent to 3 inches, 3 lines \ \ and 
the difference between the Florentine one in thofe 
two flates, was 21" — |, tvhich are equivalent to 
7 inches, 3 lines {• ; confequently the latter was 
more fenfible by half than the former. 

It remains to be explained, why, upon expofing 
the new thermometer to the fun, it firfl funk, 
and then rofe again. The reafon whereof is this, 
that the heat afting on the air and the fpirit of 
wine at the fame time, and the air being more 
fufceptible of dilatation, it made the fpirit of 
wine fink very readily at firfl, which is the only 
advantage that I can perceive in this new ther- 
mometer above others ; but the fpirit of wine at 
length warming and dilating it, comprefTed the 

air, and by means hereof gained 4'" in 

height, which is a proof, that the new thermo- 
meter ought to be confidered, as compofed of 
two others : one an air thermometer, as that of 
SanSiorius ; and the other a fpirit thermometer, 
as that of the Florentine academy, but which aft 
againfl each other. 

It may not be here amifs to advertife thofe 
unacquainted with the laws of dioptricks,that they 
are not to attribute the great rife of the Floren- 
tine thermometers, when expofed to the fun, to 
the fpherical figure of their phials, which can have 
no effcft thereon, more than if the fpirit were 

expofed 
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cxpofed naked in any other veffel ; for if by the 
curvity of the phial, the rays which fall on it be 
collefted as they pais through the fpirit, and thus 
heat that part they touch more ftrongly than they 
would otherwife do, they will defert another part 
of this fpirit, and have no effedl at all thereon ; 
fo that one compenfates for the other. 

VIII. RefeSlions on the obfervations fent to 
M. le Comte de Pontchartrain, by F. La- 
val Regius profejfor of hydrography i by 
M. Caffini *. 

The fituation of the obfervatory at MarfeilUs^ 
in view of the horizon of the fea, gives F. Laval Jtbt 
convenience of obferving the horizontal varia- 
tions, which arc commonly afcribed to the re- 
fraftions of the vifual rays. 

Thofe which he has hitherto made, being cor- 
refted by the rule which we have given on occa- 
fion of the obfervations made on the mountain 
of Noire Dame de la Garde de Toulon^ Ihew, 
that the horizon of the fea is feven fmall leagues 
diftant from the obfervatory ; and that the ob- 
fervatory is elevated 175 feet above the furfiiceof 
the fea. 

It is a thing that would merit being examined 
by the levelling made from the obfervatory to 
the water of the fea. 

We have obferved, that the apparent horizon 
of the fea is often feen lower than the true hori- 
zon, which is not always diftinguifhed. For 
there is about the true horizon an edging of the 
fur face of the fea, which is not diftinguifhed 
from the sky. We judge of it by the fummit of 
fome iflands, which are difcovered beyond the 
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horizon, and feem fometimes to be elevatied into 
the Iky above the apparent horizon of the fea, a- 
bove which they make a refledion, which forms 
a reverfed image of the mountain, contiguous to 
that of the mountain feen direftly. Thefe two 
images form a total one, divided into two equal 
and fimilar parts, by the true horizontal line, 
which is diftinguifhed only by this appearance. 

The variation of the apparent deprefGon of the 
horizon hitherto obferved by F. Lavalj amounts 
to no more than a minute and half, the fmallcft 
having been 1 3' |, and the greateft 15'; but 
what is moft obfervable is, that the greateft de- 
preffion was obferved when the fea was higheft. 
The high fea ought rather to contribute to make 
the horizon of the fea appear higher -, it is true, 
that at fo great a diftance the elevation of the 
lea by the tempeft would not be fenfible ; and 
thus the difference of the apparent height of the 
horizon ought to be afcribed rather to the diffe- 
rent temperaments of the air, which caufe refrac- 
tions in them. 

We havefometimes feen the fun begin to appear 
in the morningabove the horizon, a litde elevated 
above the furface of the fea, of an oval figure, 
with its length according to the horizontal line : 
it grew larger by degrees upwards and down- 
wards, and was divided into two by the horizon- 
tal line, till the upper part was detached from 
the lower, each part growing round, and form- 
ing at laft, as it were, two funs -, one of which 
was detached from the other, and receded from 
it, upon the common line, perpendicular to the 
horizon, till the lower one, which we fuppofe 
to be caufed by the refleftion on the fea, ceafed 
to appear. F. Laval once obferved the fun to 
fet in* form of a bonnet, detached from the whole 

apparent 
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apparent horizon : this appearance might have • 
been caufed almoft in the fame manner, as wc 
have explained thofe we have obferved formerly. 

The greateft declination of the fun, which F* 
Laval has found in fummer, by the obfervations 
of the meridian heights of the fun, correfted by 
our elements of the refradions and parallaxes, 
comes very near that which we had determined,- 
by the obfervations made 50 years ago, to be 
23"* 29 . By the winter obfervations, F. Lavdl 
found it fmaller by | a minute, which may be 
afcribed to fome litde difference of refraftion^ ia 
the meridian height of the fun, which might be 
a little greater or lefs regular in winter. Thefc 
are very ufeful obfervations, which ought never 
to be negle<5ted. This little difference may come 
alfb partly from the divifions of the inftruments, 
which are not fo fine, but that we may doubt of 
fome feconds in a great many degrees. In an 
inftrument of 4 feet radius ^ 5 feconds occupy no 
more than 4^3 part of a line, which is not very 
fenfible. In the greateft inftruments, we per- 
ceive a little trembling in the fun and other fbrs, 
which may be afcribed to the different degrees 
of the temperature of the air through which their 
rays pafs -, which leaves fome little doubts in the 
obfervations. The obfervations near the horizon 
are fubjed to variations, by the different tempe- 
ratures of the air, as appears by the ufe of tb- 
lefcopes, which in great heats fhew an appearance 
of boiling in diftant objefts. 

The objefts feen together by a horizontal ray, 
are not always feen alike. We fee from the 
fame window, and from the fame point, a mill 
at a diftance, partly hidden behind a neighbour- 
ing building, fomtimes quite elevated above the 
building, and fometimes, as it were, immerged 

below 
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below it, and entirely hidden. Thus the proof ^ 
that we make of inftruments^ by the direction of 
their axes to a diftant objeft, is not always ex- 
empt from fome little error ; a vifual ray, which 
pafles thro' the fame medium, not being always 
Itrair, or always crooked in the fame manner, its 
curvature varying according to the different tem- 
peratures of the interpofed air. 

As for the obfervations on the eclipfes of the 
firft fatellite of Jupiter^ which F, Laval has con- 
tinued to make as often as the weather permitted 
him, he admires their conformity to the calcula- 
tions, inferred in the book of the Camioijfance de 
temps^ which they have taken care to compofe, 
by ufing the correftions which I gave 8 years 
ago, which confift in fubft rafting four minutes 
of time from the epoch, in fubftraftiog alfo one 
iecond from the 25 revolutions of the firft fatcllitei 
and in augmenting the firft inequality by fo part, 
Thefe correftions very often reduce their calcuk- 
tions to the fime minute that the obfervations 
give, which is a great confirmation of the ele- 
ments upon which the calculations are founded. 
Thefe elements depend not only upon the proper 
motion of the fatellite, but alfo on the motion of 
Jupiter and his inequalities, on the motion of the 
fun, on the fituation of the nodes of the fatellite, 
and ofthofs oi Jupiter^ on the mutual inclination 
of their orbits ; and laftly, on the bypotkijis ulcd^ 
to determine the equation of time. 

They are always numerous enough to leav 
room to qucftion, whether any imperceptible rr* 
rors, to which each of them is expofed, as all 
the elements of aftronomy are, might not make 
fome error confiderable enough to require new 
correftions in a little time. We are always atten- 
tive to them, to endeavour to bring the theory 
1 nearer 
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I nearer aud nearer to perftftion 5 bur hitherto we 
may be coaieated with the ftate in which ic is, 
there bciog no other planets fo well regulated, 
that we can deternuoe the phsnomma long be- 
fore, in a rime fo exaft^ as the eclipfes of this 
firft 4telUiJe oijupmr in his fiiadow. 

We are not yet fo well fatisfied with the ij^^- 
ihifa of the other fatcllites, their fecond inequa- 
lity is very different from that of the firft; fo 
that we cannot afcribe them by any means to the 
feme caufe» to which it feenis at firft^ that the 
fecond inequality of the firft fateJlite might be 
afcribed, which is that the light of the fun* 
which goes to the fatellite, and is reflected to 
the earth, takes up confiderably more time in 
making this way, when Jtipiier and his fatdlitcs 
are much farther from the earth towards the con- 
junftions with the fun, than when they arc nearer, 
as in the oppofitions. 

Having compared the obfervations of the e- 
clipfes of the firft fatclHte of Jupiter made at 
Marfiilles^ with thofe which we made at the 
fame time at Paris^ the difference of the meri- 
dians, which refults therefrom is 12' lo''-, hav- 
ing chofcn the mean between the differences which 
are found, which is within abcAit a fecond, the 
fame that was found in the preceding years, 

F. Laval has made a great number ol obfer- 
vations on Venus^ m her paffage over the meri- 
dian, whence he has calculated her right afcen- 
fion and declination, which are found conform- 
able to thofe which we have determined by ihe 
obfervations made at the fame time at Paris, He 
has made alfo feme obfervations on mercury at 
the meridian, afttr which we communicated to 
him thofe which we have mrdf. We had fa- 

Vql.II. N^, 23. F f f vourablc 
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vourable weather to obfcrve Venus in the meri- 
dian on the day of her conjuftion with the fun, 

F. L^val has alfo oblcrved the ipots of the 
fun, which appeared during the year 1 705, and 
he has determined the fituation of them in the 
disk of the fun according to the method which 
we have praflifed in concert. 



AN 
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^;^ Explanation of the Terais. of 
Art ufed in this Volume^ which 
were not explained at the end of 
the firji Volume. ^ 



Animated needle^ one that has been touched 
by a loadftonc. ] 
Aquafecunda^ the aquafortis^ which his been 
ufed in the diffohuion of metaU, and-ha,$ thefieby 
loft part of its ftreiTgth. / ; ; 

Arcb'ftone^ or voujfoir^ a ftpne cut in the .Ih^pc 
of a wedge, to form the arch of a vault. 

B 

.-.. ■ ■ •; ■.':., •; :• • "^v-v 

^ivahe-Jhells^ fuch as ppcp. with t^o. leaves^ 
like folding-doors. 



Cerebellum^ the hinder part of the braip,. It 
is of a firmer fubftance than the cerebrum^ or the 
fore part of the brain, and of a yellow colour. 

Cerebrum the brain. It is ufed in contradif- 
tinftion from t\it cerebelluin^ or hinder vpartt;*, of 
the brain. 

D 

Denier^ a fmall piece of copper money ufed 
m France. 

Fffi Dira 



4o6 ItbiHi^ron-^andMtMoitiitf^b 

Bnra mater ^ a ftrong thick membrane, which 
lines the infide of the ikull^ and cofers dfe whole 
brain« 

E 

Equilibrium^ an equal weig^ of two bodies, 
when compared with each odf(£r« When two bo- 
dies are thus balanced, they are iaid to be in equi- 
libria. 

ExiradoSj the outfide of a vault. 



Impijfj the ftoiie whiMmAe BtO: Mdhttos^ 
is laid. 
lHtr4d$s the iiifide of a vault. 



Kej of a vaults the ftone in the middle, which 
ti per{)endicularto the hori:^(m. 

M 

Medulla oblongata^ the medullary part of the 
ierebrum a nd ctrib^llum ufti ted. 

O 

Oefipbd^uSi the gullet. 

P 

Pineal glaifJ^ ^ fmall gland in tb^ third ven- 
tricle of ihe brain, fo called from its refem* 
blance to a pine-apple, Defcartes fuppofed it to 
be the feat of the foul. 

Pinion, 
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Pinion^ a fmaller wheel, which plays in the 
feeth of a longer. The notches of a pinion are 
called leaves 

PUta^ piia^ wJUk-gtafs^ nUmofangnas^ or 

Sine-apple, which comes from America. They 
rip the leaves of their Ikin, and the infidc is a 
bunch of fine filfcy' fibres, of which the favagcs 
make their fiihing lines and bow-ffrings, and the 
Spaniards fine ftockings, and other curious works. 



V 

Touffbir, fee arcb^ftone. 
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TH E following ^fjers being tanged by »C' 
FontenelU^ under the ho^^c^ afiroiwtny^viprc 
omitted in this preceding volumfes-, but ^ fhtf 
conduce atfoto thfe improvenient of geography, vnt 
have thought it proper ^oiniibrt them in this flao^* 

In the M E M O IRS of Vjcii.:: \ 

VIL Acomparifon of the principal phafispf 

the ecli0e of the moon Feb. 2?, 179;^^^^^ 

Jemjed In drfferenf twms b/ Europe, rfJat^M, 

to the academy ]\xn(^ 2^9 ^ M. CaJE^m^^.A 

^ . -^/ Collioure. 

The beginning could not* be^bfervedi^ofiifi^ 
of the clouds, but by comparing together Jdm^ 
phafes of the &m6 magnitude before and after thc^ 
middle of the cclipfe, 

^ . # if 

The middle of the eclipfe was found at 11 2^'M^ 
The total end was obferved at it 36 sf 

Therefore the half of the duration was 1 Q 1/ 
And the beginning of the* eclijpfe at ' lO * i'/^ 

Jl Paris, 
The clouds hindered ibe obferving this ecliplct 
but we have found by the feries of our triang^ 
that this city is more weft ward than Paris bf' 
3' of an hour •within about i^ which w« ihaB 
here negleft ; having therefore fubftrafted 3'^.FrQiii 
the preceding t)hafes» the b^inning of dieedi]^^ 
muft have been, 

4t Paris 2it IQ 15 25 

Tht middle ^c 1 1 24 40 

The end at <2 33 57 



ji Addenda.^ 

We fhall make tife of tfaefe phafey to find the 
£^ence of the meridians of die ocRer places 
W^^xt tiw ac%fe has: been obiervcd. 

. ^ Bjladrid *y F. Wboa iwi CaflartU y^ 

w*RUPW. Diff.^themerid. 

fi } H h / If'' r 

ItehttriBMBgat 9 45.iyw— ^10 15 « s ■■■■ ^3 6 
The end at 12 7 38 12 33 5 7 26 19 

neduratioQ at 9 i^ >i. ■ ■ 2 18 34 
Tbekalf' i n 10 t 9 17- 

The middle - ro 56 2 7 ii 24 40 1 28 13 

tThiele dijSerehces of the meridians are fo diSe- 
senc frotn one another, that we cannot depend 
mm diem. That whidr is taken fitun the end, 
SSshr from that .wkidi was fbra!erly iobferved 
frraEi 23 to 24 minutes. ^ 

uHr Cprdova» iy D, Pedro Antonio de Bbmcas. 



The beginning 
The end 


9 45— 
12 II — 


—30 23 
—25 57 


The duration 


2 26 




Theh«lf 


» »3 




ThejnickUe 


10 58^ 


—26 40 



Itie diHerence taken from the end feems to be 
preferable to that which is taken from the other 
phaies. 

Ji Pau, iy F. Pallu, aJefuiL 
Tbcbc^ning 10 4— ~ii 23 

Thecnd 12 20 12 57 

TbeduratioA 2 16 

The half i S 

Thcxniddfe Ji i2--«-i-]s 4^ 



Ad OE n o A. ^ 

At Avignon, Ij P. Bonfi^ ajefuii. 

Diff.ofthemenL 
h / // / A 

The beginning lo %6\ j^^-^^i^W ii 

The end 12 43 28— i— 9 Jt 

The duration 2 16 44 

The half 1822^.^ 

The niiddle ii 35 6— -la iti 

The diflference taken from the end agrees widl 
enou^ with the obfervations fbrmerly made. 

\^r Marfeifles, ^yF, Laval, djejmt. 
The beginning 
The end '' 
The duraioTi 
The half 
The middle 
By thcfatdHtesofif 
By theeclipie of 1699 

At Strafbuig, hy M. Eifemfchniid. 
The begiiming 10 37 37— — r22 14 

The end 12 56 45 22 48 

The duration 2 19 8 

The half * 9 34 ' 

The middle ^i 47 11— —ti 3^ 

By the ecKpfe of O 1699 2:2 jf 

Difference of the meridians ri 21 

At Nuremberg iy M. Wurlzelbatir. 

Thebeginn. a little dooblfttlro 50 ^--*^4*4|^ 

The end doubtful 13 7 3 6 j^ 31^ 

The duration 2 17 36 

The half i 8 48 

The midcHe n |d 4 8 ■■■ ^3 4 S 

By thcfittcHitesol % - 34 jjj 

I 4 




i| Avi>B}i DAi 

A BerUiv hjL M. Kircbius. 

Diff. oftii meril 

ThcbMmnmg lo 15 36 ■ 44 1^ 

Thccnd 13 18 40 '44 43 

The duration. 2 19 .4 

The half » 9 32 

Th^ middle .12 9 8 ^ ■ 4 4 28 

By the middle of 7yclo 44 3 2 

^/ Kjcl/r;A/.Rchyer. 

b t 

The beginning ic 45 - 

JJTie middle 12 Or- — -35 2q 

^ The end . 13 15 

The duration ^ "^ 2 jo ^ 

Magnitude 6^ . 

VIII. -^ comparifon of federal obfervationt 
of the eclipfe of thejun^ Sept. 23V 1699, 
»r/7//i^ /« different towns of Euro pe 

j& Paris, in the royal ohfervaiory by MciT Caffini 
* . ^wi^Maraidi. 

h / If 

The beginning of the eclipfe at 8150 

Thegreateft darknefsof 9 dig. 29 min. 9 27 o 
The end 10 45 5 

The duration ^ 30 5 

At Chatenay, byM. de Malefieu. 

The beginning of the eclipfe at 8 15 

End 10 47 

Duration 2 32 

The meridian of Chatenay Is very near the. 
meridian of the obfervatory to the weftward. 

At 



A O D £ N A« g 

At Marfeillcs hy M. ChjtfelH i'. Fcuillee, and 
F. Laval. 

l^he b^inniog of the eclipfe obferved ^ ^ f ^ 
aiMar/eiUes J » 3o g 

By the figui^ at P^r/V 8 17 20 

Difference of the meridians o la 4.3 

The end oi the eclipfe obferved at ) , ^ 
, Marfeillis V' ' ^S 

By the figure at Ptfr/V 10 49 o 

Di^renoe of the meridians 12 13 

Mean between both ^ 12 28 

-rf/ Avignon, i^F.Bonfa, aje/uii. ^^ 
The beginning of the eclipfe at ^w]f»^» 8 2^ 9 
By the figure at Paris ^ ^ 

Difierence of the meridians 
The end of the eclipfe at Avignon 
By the f^^^ at Paris 

Difference of the meridians 
Mean 

, Ai Aries, ly M. Davlzard. 
The beginning of the eclipfe at Aries 
By the ^ure at Paris 

Difference of the meridians 
The end of the eclipfe at Aries 
By the figure at Paris 

. Difference of the meridians 
Mean 

At Rochelle, Jy M, des Hayes. 
Thebeginningofthe eclipfe at i2^ri^^//^ y $8 ij 
By the figure at Paris 8 i j o 

Di^rence of the meridians 14 43 

Vol. II. N^ 23. lii The 



8 


16 


40 




8 


20 


10 


57 


J7 


10 


47 30 




9 47 




9 


3 


> 
8 


44 30 


8 


16 


55 





■7 


35 


10 


53 30 


10 


46 


10 




7 


20 




7 


27 



6 Ad i> e h da. 




The end of the edipfe at RnbeUe 
By the figure at Paris 

Diflference of tlie meridians 
Mean 


lo 37 15 
14 1 



if/ Gdnoa, ^ ibe marquis de Sft1VH|go ^irl^ Mt 

• marquis Alexander Grhiiafldi. 
The ecKpfe ^as rfreidy begun ^itl ■ 

G«i^^ at . . * *^ ' 

The beginning of the eclipfcby Ael -^ 

figure at Paris * * '^-9 4© 

Therefore the Diffefence ttf thei 

meridians muft be lefs than J ^ ' 

The end of the eclipfe at Geno'a 11 "19 42 

iThe end by the figure at Paris i6 55 35 

iJifference of the meridians 24 7 

yf/'Lyons, ^ F. S. Booet, ajefuit. 

The eclipfe was already begun at iiy^zrj 8 26 25 

By the figure at P^m 8 16 o 
Therefore the difference of the 1 

meridians muft be lefs than ' ^ 

The end of the eclipfe at Lyons 10 57 20 

fey the figure at Paris 10 48 20 

Difference of the meridians 9 o 

'At Madrid, by the duke d*Uzeda, the Abbe 
Scotti, and F. Kreza, ajefuit. 
The beginning was not obferved at Aiadrid^ 
Ibecaufc of the bad weather. 
The eclipfe at if digit al Madrid 
By the figure at Parts 

Difference of the meridians 
' The end at Madrid 
By the figure at Paris 

Diiterence of the meridians 

At 



7 


59 


45 


8 


23 








23 


15 


10 


7 





10 


29 


10 




22 


10 



An Q S N D A, 7 

Al Modcna« ky F. Fontapa, ^ Theatin. 



u 



The beginning at Modm^ 8 55 q 

By tbe figure at Paris 8 20 45 

Dimrence of the meridians o 34 15 

The end gf the ecHpfe at A^^^^»/(i 11 33 2q 

By the figife at Paris . 10 59 iQ 

DifSrence of th€ meridians 34 10 

-<f / Strasburg, by MeJf.KiknfcYiimdandSQhmxA. 

The beginning of the cclipfe at 5/r^) 8 j.i 27 

bur^ J 4 7 

By the 6gure at P^^m 8 19 20 

Difrerence of the meridians 22 7 
The end of the eclipfe at Sirasburg 11 15 21 

By the figure at Paris 10 54 o 

Pifference of the meridians 2 1 2 1 

^/Bolonia^ by MeJ, Manfredi tf^iStancari. 

The beginning at Bolonia 8 56 30 

^y ^he ^ure at Paris 82129 

Difrerence of tbe meridians 35 '^ 

The end of the eclipfe at Bolonia 11 36 49 

By the figure at Paris 1 1 i ^ 

Diiference of the meridians 35 49 

Ai 12 mil fs from Parma to the w^ft by P. Becca- 

telli, ajefuit. 

The beginning 8 55 38 

By the figure at Paris 822 o 

Difference of the meridians 33 3S 

The end of the eclipfe 3 1 39 54 

Perhaps .11 ^6 54 

By the figure at Paris 11 2 ,20 

Difiercnce of the meridians 34 24 

I i i 2 At 



S Abi>bv]> 



The hgginnhg of the cdipfe 


« 57 U 


By die figure at Pmris 


« 2» 55 




24. 19 


The end at Xsrmierg 


11 35 5<^ 


Bf the figurr St Pxm 


10 59 30 




54" 26 




S4-2 




- 


Thecsdcf theedq:Je -*^' 


ii 55 


Bj die &roDe ac P jrir 


10 57 15 


Daargaceof the mniffimt 


35^5 



52 i5 

II juT 53 
10 *- fO 



It wttobfercg tDlc2f d%, ci%3fc! ac 9 S7 ^ 

Bt uie £g=s xr pjTzj f XX 15 

rJ!:rsrcrcc~ 

Bj :h? 5g=r? ir pJTz: 

•i- ?^-^. 37 Jk£ CrrFrrf, 




Tar ix^i.T.Txz ic i --i :c 



A B O B N D A^ 9 

ThehouroFthecndattheme-i ^ J^ ^ 
ridian at Piifii by the figure J ^ ^5 o 
Difierenoe of the meridians 14 6 to the eau 

Difference of longitude 3® 31 30 

Jit Avignon, byF. Bonfa. 
The begmning 2 43 27 

The end 5 4 37 

The hour of the end at the me- > g 
ridian of Paris by the figure J * ^ ^ 
Difference of the meridians 8 34 to the oa 

Difierence of longitude 2^ 8 30 

yf/ Lyons, ^ F.Hofte. 

The end of the eclipfe 4 59 2a 

The time of the end at the me- 1 

ridianofP^mbythefigureJ ^ ^i 20 
Difference of the meridians 8 o to the caft 
Difference of longitude 2^ o o 

At Honflcur, ly M. de Glos, profejfor of bydr^ 
grapby. 

The beginning of the eclipfe 2 15 o 
The end 4 35 30 

The time of the end at the me- ? 

ridian of Paris by the figure 3 + ^^ o 
Difference of the meridians 6 30 to the weft 

Difference of the longitude 1° 37 30 

At Pau, hy F. Richaud. 
The end of the eclipfe 3 45 6 

The timeof theend at the me- ? 
ridian of Ptfm by the figure J 4 54 o 
Difference of the meridians 9 o to the wen 

3 Before 



" ' \ f . " 

' Before 'R6k$^ Jif M. QaatlleB. 

The bawling .a 40 o 

The end 5 ^ 30 

Thetimcofthecndjsfthemfi-i • 
ridian ofP^imbythefigurc'^ ^ r^ ^ 
Difference of the meridians 4 o to the at 

Difference of longijjudc^.i^. . 

: i.^ . j.^ . ■ . 

This h&, obfervatiop which ^v^s./Z^y^j to be 
thore eaftward than Paris by a degree fhisws^ that 
the meridian of Paris docs not go to Perpignan^ 
as in the maps of Franc4j but that it pafles thro' 
the weftern mountains ofRouffillon. 

This determination, which then icemed cx- 
traordinary, hasbeieh confirmed by the meridian 
of the obfervator^, being prolonged to thcfc 
mountains in 1701. 

M. Maraldi had ufed it in his map of France^ 
publifhed by the Sieur J^?i//^ in 1700. which is 
the firft where the meridian of Paris has been 
direfted thro* France to its true meridional bound 
in the Pyrentans. 



F I N I S. 
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